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CHAPTER  I. 

GENERAL  NOTES  ON  SODIUM  SULPHATE. 

'^  Sulphate  ^'  and  ''  saltcake  '^  are  the  teclinical  names  for  neutral 
sodium  sulphate  (calcined  Glauber's  salt) .  Two  thirds  or  perhaps 
three  fourths  of  all  the  sulphuric  acid  made  are  employed  for 
making  sulphate ;  and  a  certain  (but  not  comparatively  very  large) 
quantity  of  this  substance  is  also  produced  in  other  ways.  Not 
very  much  sulphate  is  sent  into  the  trade  as  such^  most  of  it  being 
converted  into  alkali  at  the  alkali-works ;  but  a  not  inconsider* 
able  number  of  manufacturers  do  not  go  beyond  sulphate^  with^ 
of  course,  muriatic  acid,  bleaching-powder,  &c.  as  by-products. 
These  sell  their  sulphate  to  glass-makers,  alkali-makers,  and  so 
forth. 

Historical  notes  (comp.  Kopp,  ^  Geschichte  der  Chemie,^  iv.  p.  40) . 
— Sodium  sulphate  was  first  described  by  Glauber,  in  his  treatise 
'DeNatura  Salium'  (1658).  He  made  it  from  the  residue  re- 
maining after  the  preparation  of  hydrochloric  acid  from  common 
salt  and  sulphuric  acid,  and  gave  it  the  name  sal  mirabile,  recom- 
mending it  urgently  for  internal  and  external  use ;  later  on  it  was 
called  after  himself,  sal  mirabile  Glauberi.  Kui^l,  however,  in 
his  '  Laboratorium  Chymicum '  (1716),  asserts  tfi^  Glauber's  salt 
had  been  known  as  an  arcanum  to  the  Electoral  house  of  Saxony 
100  years  before  Glauber.  On  a  large  scale  it  was  first  produced 
from  salt-brine  at  Friedrichshall  in  Hildburghausen,  and  has  been 
known  since  1767  as  sal  aperitivum  FHdericianum  or  Friedrichssalz. 

Properties  of  Sodium  Sulphate. 

The  anhydrovs  salt  is  obtained  in  a  pure  state  by  dehydrating 
crystallized  sulphate  of  soda,  or  by  evaporating  the  aqueous  solu- 
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tion  at  temperatures  above  33°  C.*;  from  strongly  alkaline  solu- 
tions anhydrous  salt  crystallizes  out  even  at  ordinary  tempe- 
ratures. In  an  impure  state  it  forms  the  "  sulphate ''  or  saltcake 
of  the  factories.  It  crystallizes  in  the  rhombic  system^  with  an 
octahedral  habit ;  its  specific  gravity  is  2*655  (at  the  fusing-point^ 
2*104).  It  melts  to  a  thin  liquid  at  a  strong  red  heat;  Camelly 
(Journ.  Chem.  Soc.  1878,  ii.  p.  280)  states  that  the  melting-point 
is  861^.  At  a  white  heat  it  volatizes ;  at  the  heat  of  melting 
iron  it  begins  to  boil  and  evaporates  rapidly.  The  residue  of 
incomplete  evaporation  has  an  alkaline  reaction.  On  being 
ignited  with  coal  it  is  reduced  to  hepar,  according  to  the  following 
equation : — 

7S02(ONa)2  +  13C=3Na4S  +  2Na4S2+2CO(ONa),+llCOa. 

Carbon  monoxide  is  not  given  off  in  this  reaction ;  on  the  other 
hand,  carbon  monoxide  does  not  reduce  sodium  sulphate  at  all,  or 
only  very  slightly.  A  current  of  hydrochloric  acid  gas  at  a  red  heat 
converts  sodium  sulphate  entirely  into  sodium  chloride,  sulphuric 
acid  being  set  free  (Boussingault) ;  according  to  Hensgen  (Dentsch. 
chem.  Ges.  Ber.  ix.  1672),  with  anhydrous  salt  a  pretty  high  tem- 
perature is  required  for  this  reaction ;  but  crystallized  sodium  sul- 
phate is  completely  decomposed  even  at  ordinary  temperatures. 
{This  matter  will  be  treated  at  greater  length  in  Chapter  VI.)  When 
sodium  sulphate  is  ignited  with  calcium  carbonate  there  is  no  de- 
composition (Scheurer-Kestner  and  Kolb),  which  is  of  importance 
for  the  theory  of  the  soda-process.  A  mixture  of  Na8S04  with 
AI3O3  is  not  changed  even  at  a  prolonged  red  heat ;  but  this  takes 
place  in  the  presence  of  water,  and  with  especial  facility  in  the  pre- 
sence of  coal — sodium  aluminate  being  formed.  Fused  with  silica 
and  coal,  it  yields  silicate  of  soda ;  on  fusion  with  iron  and  caustic 
soda,  Fe304  and  the  sulphate  of  iron  and  sodium  are  formed.  Its 
solution  is  decomposed  very  incompletely  by  milk  of  lime,  into 
calcium  sulphate  and  caustic  soda;  but  according  to  Tessie  du 
Motay  (Deutsch.  chem.  Ges.  Ber.  v.  p.  741),  at  a  pressure  of  2 
to  20  atmospheres  75  to  80  per  cent,  of  the  sodium  sulphate  are 
causticized  by  lime. 

*  According  to  Thomsen  (Beutsch.  chem.  Ges.  Ber.  zi.  p.  2042)  this  is  not 
anhydrous,  but  the  monohydrated  salt,  SO^Na^  H,0. 
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Composition  of  sodium  sulphate. 

AnhydroUB.  With  7  H,0.  With  10  H.O. 

Na,0    43-67  23-13  19-25 

SOg 56-33  29-85  24-84 

H,0 4702  55-91 

The  anhydrous  sodium  sulphate  attracts  moisture  eveD  in  the 
air,  but  more  so  in  its  mother  liquor,  in  which  it  soon  passes  oyer 
into  the  salt  with  7HgO,  It  dissolves  in  water  at  +21''-5  C.  and 
higher  temperatures  with  evolution  of  heat,  hut  at  +3°  with  ab- 
Borption  of  heat.  From  its  solution,  at  temperatures  above  33°, 
again  anhydrous  salt  crystallizes;  but  below  SS'',  either  the  salt 
with  7  or  that  with  lOHgO — the  latter  under  most  conditions,  the 
former,  for  instance,  &om  hot  solutions  when  they  cool  while  kept 
from  contact  with  air  by  means  of  alcohol.  The  solutions  show  the 
phenomenon  of  aupersatiiration  in  the  highest  degree.  According 
to  Coppet  (Compt.  Rend.  Ixxviii.  p,  194),  two  isomeric  modifications 
of  anhydrous  sodium  sulphate  exist : — «,  formed  by  crystallized 
salt  efflorescing  at  ordinary  temperatures ;  |3,  by  heating  above  33°. 
Only  the  a  modification  causes  by  contact  the  crystallization  of 
supersaturated  solutions. 

The  tali  with  7  H,0  (for  composition  and  preparation  see  above) 
forms  quadrilateral  prisms,  with  two  inclin^  end 
fiioes  (fig.  1),  transparent  and  much  harder  than  Fig.  1. 

the  decahydrated  salt.  The  crystals  in  the  air 
become  dull  and  even  rough ;  also  under  their 
mother-liquor  they  become  dull  from  the  forma* 
tion  of  the  decahydrated  salt. 

7^  »ali  with   10  Hg  0    (for   composition   see 
above)   is   the  crystallized  Glauber's  »aU  proper, 
which  separates  &om  its  solutions  by  evaporation 
in  the  open  aSx  or  by  cooling  below  33°,  with  considerable  evolution 
of  heat.     It  forms  very  large,  transparent  crystals  of  the  monoclinic 
system,  often  with  many  faces  and,  by  the  development  of  the  ver- 
tical faces,  assuming  a  long  prismatic  form  (fig.  2).     Sp.'gr.  1-471. 
It  baa  a  cooling,  afterwards  hitter  taate,  and  neutral  reaction.     It 
efilorescea  in  the  »r,  falling  into  a  whit«  powder,  and  loses  the 
whole  of  its  water,  supposing  the  air  to  be  pretty  dry — for  instance, 
in  air  of  14"-5  C.  whose  dew-point  is  at  9°-5.     At  33°  it  melts  in 
its  water  of  crystallization  with  separation  of  one  portion  as  anhy- 
drons  salt.     In  water  it  dissolves,  with  absorption  of  heat;  for 
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Fig.2. 


instance^  on  mixing  20  parts  of  crystals  with  100  water  at  12°*5  the 
temperature  falls  to  5°*7  (Riidorff) ;  on  mixing  240  grams  of  crys- 
tals with  an  equal  quantity  of  water  at  18°^  the  temperature  falls 
to  7°  or  8°  (Hanamann) . 

The  solubility  of  the  decahydrated  salt  in  water  rises  from  0°  to 
84°  C.  with  the  temperature.  At  34°  and  above,  the  solution  only 
contains  anhydrous  salt,  whose  solubility,  inversely,  rises  continu- 
ously on  cooling  from  103°*17  (the  boiling-point  of  the  saturated 
solution)  down  to  18°  or  17°.  Below  the  latter  temperature  the 
anhydrous  salt  cannot  exist  in  the  presence  of  water,  but,  if  pro- 
tected from  the  air,  is  changed  into  heptahydrated,  with  access  of 
air  or  in  contact  with  crystals  into  decahydrated  salt.  The  salt 
with  7  HgO  dissolves  from  0°  to  26°  in  increasing  quantity,  to  the 
greatest  extent  at  the  latter  temperature,  and  already  at  27^  is 
transformed  into  anhydrous  salt.  Thus  sodium  sulphate  for  tem- 
peratures from  OP  to  18°  presents  a  doubly,  from  18°  to  26°  a 
triply,  from  26°  to  34°  again  a  doubly  different,  and  above  34° 
always  the  same  solubility,  as  proved  by  many  experiments^  of 
Loewel's  (Ann.  Chim.  Phys.  [3]  49,  p.  32).  Loewel  states  that 
the  boiling-point  of  the  saturated  solution =103°*1 7;  Mulder, 
=  103°'5;  Kremers,  =105°;  Gerlach,  ±=100^-8.  The  freezing- 
point  is  for  each  gram  S04Na5  in  100  cub.  centims.  water  lowered 
by  0°*297  C.  (Riidorff) .  Supersaturated  solutions  solidify  by 
themselves  at  —  8°  C,  or  at  the  ordinary  temperature  on  contact 
with  a  crystal,  with  a  glass  rod,  &c. 

According  to  Gay-Lussac,  100  parts  of  water  dissolve  at  the 
following  temperatures : — 
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o 

SO^Na,. 

SO^Na^+lOHjO. 

0 

5*02  parts. 

12-17  parte 

11-67 

10-12 

93 

26-38     „ 

13-30 

11-74 

99 

31-33     „ 

17-91 

16-73 

99 

48-28    „ 

25-05 

28-11 

>f    . 

99-48    „ 

28-76 

87-35 

99 

161-53    „ 

30-75 

4305 

99 

215-77    „ 

31-84 

47-37 

99 

270-22    „ 

32-73 

50-65 

99 

32212    „ 

33-88 

5004 

99 

312-11     „ 

40-15 

48-78 

99 

291-44    „ 

45-04 

47-81 

99 

276-91     „ 

50-40 

46-82 

99 

262-35    „ 

59-79 

45-42 

99 

70-61 

44-35 

99 

84-42 

42-96 

99 

103-17 

42-65 

91 

Solubiliiy  of  the  three  Modifications  of  Sodium  Sulphate  according 

to  Loewel. 


Tempe- 
rature. 

Anhydrous  salt. 

Salt  with  10  HjO. 

Salt  with  7  HjO. 

100  parts  water  con- 
tain in  the  saturated 
state 

100  parts  water  con- 
tain in  the  saturated 
state 

100  parts  water  contain  in 
the  saturated  state 

BO^Naj. 

Calcu- 
lated as 
SO.Na. 
H-IOH^O. 

Calcu- 
lated as 
SO^Naj. 

SO.Na. 
+10HaO. 

Calcu- 
lated as 
SO^Naj. 

SOJTaa 
+76^0. 

Calcu- 
lated as 
SO.Na. 
+IOH2O. 

°0. 
0 
10 
15 
18 
20 
25 
26 
30 
33 
34 

40-15 
45-04 
50-40 
69-79 
70-61 
84-42 
103-17 

63-26 
52-76 
51-53 
51-31 
50-37 
49-71 
49-53 
48-78 
47-81 
46-82 
45-42 
44-35 
42-96 
42-65 

371-97 
361-51 
337-16 
333-06 
316-19 
305-06 
302-07 
29000 
275-34 
261-36 
242-89 
229-87 
213-98 
210-67 

5-02 
9-00 
13-20 
16-80 
19-40 
28-00 
30-00 
40-00 
50-76 
55-00 

12-16 

2304 

85-96 

48-41 

58  35 

98-48 

109-81 

184-09 

32313 

412-22 

19-62 
30-49 
37-43 
41-63 
44-73 
5294 
54-97 

44-84 
78-90 
105-79 
124-59 
140-01 
188-46 
202-61 

69-23 
112-73 
161-57 
200-00 
234-40 
365-28 
411-45 
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Specific  Gravity  of  the  Solutions  of  Sulphate  of  Soda  at  different 
Degrees  of  concentration  at  15®  C,  according  to  Gerlach. 


FwMnt. 

SO.Na^ 

so«y«j+iOH,o 

1 

10091 

1004 

2 

10182 

1008 

3 

10274 

1013 

4 

10363 

1016 

5 

10457 

1020 

6 

10530 

1024 

7 

10641. 

1028 

8 

10737 

1032 

9 

10832 

1036 

10 

10927 

1-040 

11 

11023 

104* 

13 

1047 

13 

1032 

14 

1036 

13 

1-060 

16 

1-064 

17 

1-069 

18 

1-073 

19 

1-077 

SO 

1082 

21 

1-066 

22 

1-090 

23 

1*094 

24 

1-098 

23 

1-103 

26 

1107 

27 

1-111 

23 

1-116 

29 

1-120 

SO 

1125 
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At  19°,  according  to  Schiff  (Ann.  Chem.  Pharm.  ex.  p.  70) 


Speo.  gnr. 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


•0040 
•0079 
•0118 
•0158 
•0198 
•0238 
•0278 
•0318 
•0358 
•0398 
•0439 
•0479 
•0520 
•0560 
•0601 
•0642 
•0683 
•0725 
•0766 
•0807 
•0849 
•0890 
•0931 
•0973 
•1015 
•1057 
•1100 
•1142 
•1184 
•1226 


Per  cent. 
N»,SO<+10H,O. 

1 

2 

3 

4. 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


Per  cent. 

0441 

0-882 

1-323 

1-764 

2-205 

2-640 

3-087 

3-528 

3-969 

4-410 

4^851 

5-292 

5-783 

6174 

6615 

7056 

7^497 

7938 

8379 

8820 

9261 

9702 

10143 

10^584 

11025 

11466 

11-907 

12348 

12789 

13-230 


Sodium  sulphate  is  almost  insoluble  in  absolute  alcohol  at  ordi« 
nary  temperatures,  a  little  more  so  in  alcohol  acidulated  with  sul- 
phuric acid.  Therefore  alcohol  precipitates  sodium  sulphate  from 
a  saturated  cold  solution.  In  dilute  alcohol  it  is  more  soluble;  the 
saturated  solution,  according  to  Schi£P  (Ann.  Chem.  Pharm.  cxviii. 
p.  365)  contains  at  15°  C. : — 
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Alcohol  of 
spec,  gray, 

1-000  (water) 
0-976 

Per  cent  C^Kfi 
by  weight. 

0 
10 

Per  oent.  of 
SO«Nij+10H,O. 

25-6 
14-35 

0-972 

20 

5-6 

0-939 

40 

1-3 

It  is  soluble  in  glycerine^  less  so  in  strong  acetic  acid^  soluble 
in  hydrochloric  acid  with  strong  evolution  of  heat,  but  with  decom- 
position (see  above) .  In  some  saline  solutions  it  is  more  easily 
soluble  than  in  pure  water — for  instance,  in  solutions  of  potassium 
sulphate,  magnesium  sulphate,  potassium  chloride,  potassium  ni- 
trate, in  which  cases  of  course  all  the  bases  in  the  solution  must 
be  regarded  as  combined  or  combinable  with  all  the  acids.  On 
pounding  together  sal-ammoniac  and  Glauber's  salt,  the  dry  mix- 
ture becomes  damp,  the  temperature  being  lowered  at  the  same 
time,  and  a  mixture  of  ammonium  sulphate,  sodium  chloride,  and 
water  being  formed,  of  which  the  latter  previously  existed  in  the 
crystals. 

The  other  sodium  sulphates,  except  the  neutral  one,  have  no 
technical  importance  by  themselves,  and  only  serve  as  transition 
stages  in  the  manufacture  of  the  neutral  sulphate ;  we  will  now 
describe  them  very  briefly. 

1.  Three-quarterS'Saturated  sulphate,  If 9i^{^0^^,  observed  by 
Thomson  and  Mitscherlich,  crystallizes  first  on  recrystaUizing  the 
semisaturated  sulphate.  Brilliant,  often  needle-shaped  crystals  of 
the  monoclinic  system,  with  many  faces,  stable  in  the  air. 

2.  Hydrosodic  sulphate    {acid  sodium  sulphate,  sodium  bisuU 

ONa 
phate).     S04NaH=S0a<(^TT  •     Formed  by  heating  common  salt 

with  two  equivalents  (=one  molecule)  of  sulphuric  acid,  or  of 
neutral  sulphate  with  more  sulphuric  acid ;  on  dissolving  it  in  hot 
water  and  evaporating  it  above  50°  C,  anhydrous  crystals,  and  by 
cooling  hydrated  crystals  are  separated. 

a.  The  anhydrous  crystals  are  transparent.  Fig.  4. 

long,  quadrilateral  prisms  with  oblique  end 
faces  (fig.  4),  very  brilliant  also  on  drying;  in 
the  air  they  quickly  become  dull,  without  deli- 
quescing. Sp.  gr.  1-8.  They  melt  at  14SP 
(Thomson),  or  above  816°  C.  (Graham),  with- 
out any  decomposition,  and  only  at  a  higher 
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Rg.6. 


c^^^B\ 


remoius  behind 


temperature  give  out  sulphuric  acid.  According  to  Kraut  one  portion 
splits  up  into  sulphuric  hydrate  and  neutral  salt^  another  into  water 
and  pyrosulphate :  2S04NaH=Na8Sj07+H20.  Water  decom- 
poses the  salt  into  neutral  sulphate  and  free  sulphuric  acid;  in 
moist  air^  lying  on  blotting-paper^  the  crystals  (as  also  those 
of  6)  leave  effloresced  neutral  salt  behind.  Alcohol  deprives  the 
powdered  salt  of  all  free  acid. 

b,  Hydrated  saU,  S04NaH,  H^O,  often  forms  very  large^  trans- 
parent crystals  of  the  monoclinic  system 
(figs.  5  &  6)  which  mostly  have  a  pris- 
matic appearance.    They  attract  water  in 
moist  air. 

3.  Quarter-saturated  sulphate,  S04NaH^ 
S04Hs^  crystallizes  on  cooling  a  solution  of 
1  S04Nas  in  not  quite  7  SO4H3.  It  fuses 
at  about  100^.  Long^  colourless,  brilliant 
prisms. 

SOj-ONa 

4.  Sodium  pyrosulphate ,  SsOjNass       ^O       ^ 

SOj-ONa 
on  heating  sodium  chloride  with  sulphuric  anhydride 

(2  NaQ  +  4  S08=Na,S,07  +  SaOjCla, 
Bosenstiehl)  and  on  igniting  the  acid  sulphate  (compare  No.  2); 
it  is  also  separated  along  with  the  latter  from  a  solution  of  sulphate 
in  fuming  oil  of  vitriol  j  it  can  also  be  precipitated  from  the  fuming 
oil  of  vitriol  of  trade  (in  which  it  always  occurs)  by  boiling  nitric 
acid,  aqua  regia,  chlorine,  ether,  or  alcohol.  It  probably  also 
occurs  in  ordinary  fomaced  saltcake.  Exposed  to  a  bright  red 
heat  it  splits  up  into  neutral  sulphate  and  sulphuric  anhydride, 
according  to  the  equation  SsOrNa^ = S04Na,  +  SO^;  this  is  the  cause, 
at  least  partly,  of  the  thick  white  vapours  which  calcined  saltcake 
emits  on  being  drawn  out  of  the  furnace. 

The  sulphate  or  saltcake  of  trade  is  a  more  or  less  finely  granu- 
late mass,  often  containing  larger  lumps  of  melted  substance ;  the 
latter  are  always  to  be  suspected  of  containing  a  high  percentage  of 
sodium  chloride,  and  often  entirely  consist  of  this  internally.  The 
finer  grain  a  sulphate  possesses,  the  better  it  is  on  the  whole.  Its 
colour  when  hot,  as  it  is  drawn  out  of  the  furnace,  is  a  bright 
Jemon-yellow — if  very  rich  in  free  acid,  even  brownish — ^if  much 
iron  is  present,  brownish  red.    In  the  cold  it  is  yellowish  or  greenish 
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white,  often  pure  white.  A  dirty  grey  colour  and  a  granular  fritted 
consistence  show  that  the  decomposition  of  the  common  salt  is 
incomplete. 

The  analyses  given  on  p.  13  show  the  composition  of  commercial 
sulphate. 

The  following  analyses  by  Theilkuhl  (from  Enapp,  ii.  p.  396) 
show  the  "  free  acid  ^'  as  acid  sulphate : — 

From  p  From  Prom 

Nienburg.  Liineburg.  Oker. 

SO^Nftj    96-2  933  90-6  65-9 

SO^NaH 0-5  24  80  31-8 

NaOl    1-5  2-9  003  — 

Fe2(S04)s 0-6  0-6  03  16 

Sand    0-5  0*3  01  02 

MoiBture 08  08  11  0*4 

(That  from  Oker  is  eyidently  nitre-oake.) 

Analysis  of  Sulphate. 

Pure  sulphate  IS  quite  white^  forms  a  clear  solution  in  water^  has  a 
neutral  reaction^  shows  no  trace  of  chlorine  when  treated  with  silver 
nitrate^  does  not  throw  down  any  precipitates  under  the  action  of 
sulphuretted  hydrogen^  ammonium  sulphide^  sodium  or  ammonium 
carbonate^  or  potassium  ferrocyanide.  The  sulphate  of  trade  is 
tested  in  the  following  way : — Mostly  only  the  foreign  constituents 
are  estimated^  and  the  pure  S04Nas  calculated  from  the  difPerence. 
If  one  only  wants  to  test  the  sulphate  for  one^s  own  use  (for  alkali- 
making)  j  where  it  is  only  a  check  on  the  manufacture^  the  following 
simple  process  is  sufficient :  10  grms.  of  sulphate  are  weighed,  dis* 
solved  in  200  cub.  centims.  warm  water,  20  cub.  centims.  (==1  grm.) 
taken  out  with  a  pipette,  and,  after  litmus  has  been  added,  neu- 
tralized with  standard  caustic;  by  this  the  free  acid  is  found. 
A  second  sample  of  20  cub.  centims.  is  neutralized  by  the  same 
quantity  of  caustic  as  was  required  in  the  first  test ;  and  a  few  drops 
of  potassium  chromate  are  added,  and  the  NaCl  titrated  by  silver 
solution.  If,  on  the  other  hand,  an  analysis  is  to  be  made /or  sale, 
a  somewhat  more  accurate  process  must  be  employed.  10  grms. 
are  calcined  in  a  porcelain  dish  with  the  addition  of  a  little  ammo- 
nium carbonate,  and  weighed  again,  by  which  operation  the  moisture 
and  the  free  acid  are  found.  The  latter  is  estimated  by  itself  in  a 
fresh  uncalcined  sample  in  the  same  way  as  described  above. 
The  calcined  sulphate  is  dissolved   in  water  and  filtered^  the 
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residue  weighed,  treated  with  hydrochloric  acid,  and  the  iron  in  the 
solution  estimated ;  the  separation  of  alumina,  which  only  occurs 
in  very  smaU  quantity,  is  hardly  ever  made.  The  insoluble  portion 
is  calculated  as  sand.  In  the  filtrate  the  chlorine  can  be  estimated 
as  above,  and  the  lime  by  precipitating  by  ammonium  oxalate.  It 
is,  howevel*,  preferable  to  omit  the  calcining,  and  to  proceed  in  this 
manner  : — The  sample  is  dried  at  100°  C,  in  which  case  no  acid 
escapes,  weighed,  dissolved  in  water,  the  weight  of  the  residue  (sand 
and  a  little  ferric  oxide)  estimated ;  and  in  the  solution,  which  is 
reduced  to  a  definite  volume,  free  acid,  chlorine,  lime  (to  be  calcu- 
lated as  sulphate),  iron,  &c.  are  estimated  separately.  In  this  case 
there  is  no  danger  of  expeUing  any  HCl.  At  some  English  works 
0*75  per  cent,  is  always  reckoned  for  silica  and  ferric  oxide,  the  free 
acid  and  undecomposed  NaCl  estimated,  and  the  remainder  taken  as 
Na^SO^.  This  calculation  neglects  the  Sme,  which  is  not  allow- 
able ;  for  even  with  common  pan-salt  there  is  often  upwards  of 
1  per  cent  of  SO^Ca,  and  with  rock-salt  even  more  than  that. 

We  observe  here  that  the  term  '^  free  acid  "  is  used  for  all  that 
is  indicated  by  neutralizing  with  standard  caustic — such  as  half  of 
the  acid  of  the  bisulphate  or  pyrosulphate  and  all  the  acid  combined 
with  alumina  and  ferric  oxide.  It  is  mostly  computed  as  SOs.  The 
iron  occurs  partly  as  ferrous  sulphate^  partly  as  ferric  sulphate, 
partly  as  ferric  oxide  (insoluble  in  water) . 

De  Koninck  ('Revue  Universelle,'  xxxv.  p.  866,  xxxix.  p.  894; 
'  Chemical  News,'  ^(xxiii.  p.  252)  employs  the  following  plan.  He 
dissolves  50  grms.  sulphate  and  filters  into  a  litre  flask ;  the  residue 
is  washed  and  ignited.  The  filtrate  is  reduced  to  1  litre ;  800  cub. 
centims.  of  this  are  used  for  estimating  the  free  acid  by  titrating 
with  ammonia,  the  latter  being  added  tiU  ferric  hydrate  begins  to 
precipitate ;  a  little  litmus  is  added  and  again  standard  sulphuric 
acid,  till  the  liquid  just  turns  reddish.  AI2O3  and  FcgOs  are  esti- 
mated by  adding  chlorine-  or  bromine-water  to  200  cub.  centims. 
of  the  solution,  precipitating  by  NH3,  filtering,  &c.  In  the  filtrate 
the  lime  is  estimated  by  ammonium  oxalate,  the  precipitate  is 
washed,  ignited,  converted  into  calcium  sulphate  by  sulphuric  acid, 
and  weighed  as  such.  Or  all  three  may  be  estimated  together, 
without  filtering  off  AljOj  and  FcjOj,  in  which  case,  after  adding 
sulphuric  acid  and  igniting  again,  AlgOs,  Fe^Os,  ^^^  CaS04  remain. 
Sodium  chloride  is  estimated  in  100  cub.  centims,  as  usual,  by 
standard  silver  nitrate  with  potassium  chromate  as  indicator,  the 
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firee  acid  having  been  neutralized  hj  a  solution  of  borax.  De  Ko- 
ninck  considers  the  estimation  of  moisture  by  heating  to  100^  C. 
inexact^  because^  on  the  one  hand^  at  that  temperature  some  water 
still  remains^  and^  on  the  other  hand^  the  bisulphate  already  acts  on 
the  sodium  chloride^  and  hydrochloric  acid  is  given  off.  He  there- 
fore estimates  the  water  indirectly  by  heating  2  grms.  of  sulphate 
in  a  covered  platinum  crucible  up  to  fusion^  at  which  point  water^ 
sulphuric  acid^  and  hydrochloric  acid  escape  [an  addition  of  ammo- 
nium carbonate  would  be  useful  in  this  case] ,  and  deducts  from  the 
loss,  first,  the  "free''  sulphuric  acid ;  secondly,  for  each  117 parts 
of  common  salt  decomposed  (estimated  by  dissolving  and  titrating 
the  NaCl  still  present),  he  adds  another  25  parts  (S04H2=98, 
2HC1=78)— that  is,  to  1  NaCl  0*214. 

Natural  Occurrence  of  Sodium  Sulphate, 

Sodium  sulphate  is  found  in  nature  both  in  the  anhydrous  state, 
as  thenardite  and  as  crystallized  salt  {mirabilitey  SO4Nas  +  10  HjO) 
— also  in  combination  with  calcium  sulphate  (as  glauberite),  as 
a  constituent  of  natural  soda,  dissolved  in  mineral  waters,  sea- 
water,  &c.  In  some  places  Glauber's  salt  is  obtained  from  these 
sources  on  an  industrial  scale. 

Thenardite  (S04Na3)  crystallizes  rhombically,  in  pretty  large 
pointed  pyramids  combined  into  crusts ;  its  surface  is  rough,  its 
taste  faintly  saline.  In  the  air  it  becomes  dull  by  absorbing  water. 
Its  principal  occurrence  is  in  the  rock-salt  beds  atEspartinas,  near 
Aranjuez,  also  in  Peru  (Tarapaca  fee). 

In  combination  with  water,  sodium  sulphate  occurs  in  several 
species  of  minerals;  with  10  molecules  of  water  as  mirabilite, 
mostly  only  as  efiBorescences  and  crusts  on  rocks  or  old  walls,  but 
in  larger  quantities  at  Miihlingen,  in  the  Aargau,  in  gypsum,  in  the 
salt  beds  at  Hallstadt  and  Aussee.  Other  species,  containing  mag- 
nesia, are  reussin,  loeweite,  and  bloedite  (from  Ischl) . 

In  the  Ebro  valley,  especially  near  Lodosa,  a  few  years  ago  large 
beds  of  hydrated  sodium  sulphate  were  found,  as  glassy  layers  from 
about  2  feet  up  to  several  yards  in  thickness,  between  beds  of  clay 
and  gypsum.  Similar  beds  have  been  found  at  Calatayud  and  Cor- 
vora,  near  Santander,  in  Catalonia,  Old  Castile,  and  other  places. 
These  beds  are  principally  worked  at  Lodosa,  Alcanadra,  and  An- 
drosilla,  and  also  at  Calmenar  de  Oreja,  in  the  province  of  Madrid. 
This  Spanish  sulphate  is  quite  free  from  iron,  and  is  consequently 
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very  well  adapted  for  glass-making;  but  most  of  the  Englisli 
consumers  have  given  up  its  use  again^  owing  to  its  variable 
quality. 

Other  occurrences  of  more  or  less  hydrated  sulphate  are : — ^in 
Hungary,  Switzerland,  Italy,  France  (St.  Rambert),  as  exanthalose 
with  20  per  cent,  water  (a  volcanic  product  of  Vesuvius),  in  a 
cavern  at  Eailua,  on  the  island  of  Hawaii;  as  an  efflorescence 
on  the  Siberian  and  Caucasian  steppes,  on  the  limestone  below 
the  falls  of  the  Genesee,  and  on  the  Sweetwater  River  in  the 
Bocky  Mountains. 


Analyses  of  different  Minerals  of  this  kind. 


Mirabilite 

of  St  Bambert 

p.  0. 

Na^O 20-0 

MgO  07 

SO3 260 

HOI   trace. 

HaO  53-0 


Thenardite. 
Spain.    Tarapaca. 
p.  c.  p.  c 

Na^SO^ 9978       9748 

NajOO,    0-22  — 


Insoluble 


—  219 


Bloedit 
(John), 
p.  o. 

Na^SO^ 33-34 

MgSO^ 86-66 

CaSO^  — 

MnSO^ 033 

FeSO^  0-34 

NaOl 0-33 

CaCL,    — 

MgOl,  - 

HjO 22-00 


Benssin 

(Beufis). 

p.  c 

66-04 

31-35 

0-42 

(ind.  sand) 


Astrakanite  from  the  tuouth 
of  the  Volga  (Gobel). 
p.o. 
4100 
3518 
1-75 


219 


033 
21-66 


Very  copiously  found  is  the  double  sulphate  of  sodium  and  cal- 
cium^ called  fflatiberite, — ^for  instance^  in  the  salt-mines  of  Vil- 
larubia  in  Spain^  of  Vic  in  France,  of  Berchtesgaden  in  Bavaria, 
of  Stassfiirt,  in  the  province  of  Tarapaca,  &c.  Analyses  of  it 
have  shown : — 
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VaraDg^^ille  Villarubia    Berchteagaden 

(Pisani).  (Brogniart).       (Eobell). 

p.  c  p.  c                  p.  c 

NaJSO^    60-50  51                   486 

CaSO^ 48-78  49                  510 

Claj 0-40  —                   — 

Atacama 

(Hayes), 
p.  o. 

Na.,0 2132 

OaO 20-68 

FcjOj  0-14 

SO3; 67-22 

Very  frequently  sodium  sulphate  is  found  along  with  natural 
soda  (trona)  and  common  salts — for  instance^  in  the  water  of  the 
lakes  of  the  Araxes  plain  and  the  salts  crystallizing  out  of  it,  which 
have  been  studied  especially  by  Abich  (Journ.  f,  prakt.  Chem. 
zxxviii.  p.  4).  Both  on  the  surface  and  at  the  bottom  of  the 
lakes  such  salts  are  separated,  strange  to  say,  almost  free  from 
water. 

The  following  analyses  show  the  composition  of  these  salts,  as 
well  as  of  the  pink  mother-liquor,  containing  30'63  per  cent,  of 
salt,  and  of  that  of  some  alkaline  small  pools  in  the  neighbourhood^ 
containing  34*7  per  cent,  of  salt. 

Salts  at  Salts  at       Mother-liquor      Alkaline 

the  sur£Eu;e.  the  bottom.  salts.  pools  (dry), 

p.  c.  p.  c.  p.  c                  p.  0. 

UajSO^    80-66  7844  1818               16-56 

Na.^CO,    1609  18-42  1208               689 

Naa   1-62  1-92  69-73               15-6 

njO 0-66  118                —                  — 


VOL.  II.  • 


19  Sri^PHATE  OF  SODA  AMD  HTDROCHLOBIC  ACID. 


CHAPTER  II. 

ENTMEBATION  OF  THE  PROCESSES  FOR  OBTADQXG 

SULPHATE. 

Onlt  a  very  small  portion  of  the  sodium  sulphate  is  prepared  in 
the  crystallized  state  as  Glauber's  salt,  principally  that  serving  for 
pharmaceutical  purposes,  but  now  mostly  used  only  in  veterinary 
practice ;  all  the  rest  is  made  as  calcined  sulphate  or  "  saltcake,'^ 
the  smaller  portion  of  it  being  used  as  such  (for  instance,  in  glass- 
making),  the  larger  portion  being  at  once  converted  into  alkali. 

The  different  processes  for  preparing  sulphate  may  be  divided 
into  those  in  which  it  is  the  principal  product,  and  those  in  which 
it  is  a  by-product.  As  the  principal  product,  nearly  all  the  sul- 
phate is  obtained  by  decomposing  common  salt  with  sulphuric  acid, 
or  common  salt  with  sulphurous  acid  in  the  presence  of  air  (accor- 
ding to  Longmaid,  Hargreaves,  &c.).  We  shaU  treat  of  these  pro- 
cesses later  on  ;  at  present  we  will  turn  our  attention  to 

Sulphate  of  Soda  obtained  as  a  by-product. 

In  most  natural  waters  small  quantities  of  sodium  sulphate 
occur,  6r,  to  speak  more  correctly,  of  sulphates  and  sodium 
salts  at  the  same  time.  Preparation  of  Glauber's  salt  from  this 
source  on  an  industrial  scale  is  only  exceptionally  possible,  chiefly 
when  the  liquid  has  been  previously  concentrated  for  other  pur- 
poses, and  Glauber's  salt  can  be  got  from  the  mother-liquors.  This 
is  especially  the  case  in  the  manufacture  of  common  salt  from  sea- 
water  or  firom  brine ;  Glauber's  salt  can  be  made  both  from  the 
mother-liquors  and  the  pan-scale  obtained  in  this  manufacture. 

The  preparation  of  Glauber^s  salt  by  means  of  kieserite  might 
also  be  enumerated  here,  since  that  mineral  itself  is  only  a  by- 
product. 
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Lastly^  we  must  mention  the  manafactm*e  of  sodium  sulphate^ 
usually  in  a  very  impure  state^  as  a  by-product  of  sundry  chemical 
manufactures — above  all^ 

1st,  in  manufacturing  muriatic  acid  from  common  salt  and  8ul« 
phuric  acid,  in  cast-iron  cylinders  (see  below)  and  in  glass  retorts. 
Here  muriatic  acid  is  the  principal  product ;  and  in  manufacturing 
it  less  than  the  theoretical  quantity  of  sulphuric  acid  is  employedj 
both  because  common  salt  is  much  cheaper  than  sulphuric  acid 
and  may  rather  be  in  excess,  and  because  contamination  of  the 
distilling  hydrochloric  acid  by  sulphuric  acid  is  thus  avoided.  This 
manufacture,  formerly  carried  on  in  several  places  on  the  Continent 
and  in  the  suburbs  of  London,  has  now  almost  entirely  ceased.  The 
product  used  to  be  called  cylinder-cake  or  saltcake,  the  latter  in  the 
north-east  of  England,  whilst  this  expression  in  the  west  always 
meant  ordinary  calcined  sulphate;  it  contained  from7tolO  percent, 
of  NaCl  in  excess;  and  its  use  was  restricted  chiefly  to  glass-  and 
alkali-works,  where  it  was  mixed  with  a  little  more  sulphuric  acid 
in  the  ordinary  sulphate-furnaces  and  made  into  finished  sulphate. 
We  shall  touch  upon  this  more  in  detail  in  the  third  Chapter. 

2iid.  In  the  manufacture  of  nitric  acid  a  product  is  obtained 
which,  contrary  to  the  former  one,  contaius  much  free  sulphuric 
acid^  because  in  this  case,  of  the  two  raw  materials,  sodium  nitrate 
is  the  more  valuable,  sulphuric  acid  the  less  valuable,  and  because 
only  by  an  excess  of  sulphuric  acid  can  the  nitric  acid  be  properly 
expelled.  Especially  where  nitric  acid  is  made  at  vitriol-works,  a 
large  excess  of  the  latter  acid  is  generally  used ;  and  such  sulphate, 
known  as  ''  nitre-cake,^'  ^^  salonix  "  (^sal  enixum),  or  ^' sally,''  oc- 
curs with  30  per  cent,  and  upwards  of  free  acid,  calculated  as  SO3, 
Those  nitric-acid  manufacturers  who  have  to  buy  their  sulphuric 
acid  are  more  economical  in  this  respect,  and  often  send  the  residue 
from  the  retorts  into  the  trade  with  only  7  to  10  per  cent,  of  "free" 
SO3.  Of  course  free  SOg,  or  even  SO4H  j,  is  never  present,  but 
merely  acid  sulphate,  S04NaH.  The  quantity  of  acid  sulphate 
made  in  this  way  is  very  considerable.  Apart  from  its  use  in 
making  vitriol,  enormous  quantities  of  nitric  acid  are  required  in 
the  manufacture  of  coal-tar  dyes  (for  instance,  nitrobenzene), 
picric  acid,  arsenic  acid,  phthalic  acid,  and  in  innumerable  other 
cases, — ^furthermore,  for  making  gun-cotton,  nitroglycerine,  &c. 

A  small  portion  of  this  acid  sulphate,  if  some  statements  may 
be  believed,  is  worked  up  for  fuming  oil  of  vitriol  in  France  (comp. 

c2 
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Vol.  I.  p.  638)  ;  at  any  rate  the  largest  portion  finds  its  way  into 
alkali- works^  where  it  is  made  into  neutral  sulphate  by  calcining 
with  common  salt.  Usually  a  certain  quantity  of  it  is  put  into 
the  decomposing-pans  along  with  the  ordinary  charge,  leaving  out 
a  corresponding  quantity  of  sulphuric  acid. 

Dunlop^s  patent  process  of  1853,  which  is  still  carried  out  at  St. 
RoUox,  by  which  the  nitre-gas  required  for  the  vitriol-chambers  is 
derived  from  heating  sulphuric  acid  with  common  salt  and  nitrate 
of  soda  (comp.  Vol.  I.  p.  320),  also  furnishes  acid  sodium  sulphate 
as  a  by-product. 

3rd.  Smaller  quantities  of  sulphate  are  obtained,  for  instance  : — 
in  the  manufacture  of  sal-ammoniac  by  subliming  ammonium  sul- 
phate with  common  salt;  in  that  of  corrosive  sublimate  firom 
mercuric  sulphate  and  common  salt ;  in  amalgamating  silver-ores ; 
in  roasting  copper-ores  with  common  salt ;  in  making  aluminium 
chloride  from  common  salt  and  alum ;  in  purifying  mineral  oils 
by  mixing  the  sulphuric  acid  and  caustic  lye  used  in  purifying, 
and  scumming  off  the  tar  (exactly  described  by  Breitenlohner  in 
'  Dingler's  Journal,'  clxxv.  p.  459) ;  in  neutralizing  organic  sulpho^ 
acids  containing  a  large  excess  of  sulphuric  acid  by  soda;  and 
especially  from  the  alkaline  fusions  in  the  manufacture  of  resor- 
cine,  alizarine,  &c.  Kessler  (Wagner's  Jahresb.  1859,  p.  244) 
proposes  to  get  sodium  sulphate  from  the  zinc  sulphate  of  galvanic 
cells  by  means  of  common  salt.  P.  W.  Hof  mann,  in  an  analogous 
way,  recovers  the  same  by  washing  the  cinders  from  burning 
pyrites  containing  zinc  (comp.  Vol.  I.  p.  580). 

In  most  of  the  cases  just  mentioned  the  sulphate,  owing  to  its 
low  price,  cannot  be  recovered  economically,  unless  at  least  the 
crystallized  salt  is  obtained  without  any  expense  of  evaporation,  by 
spontaneous  crystallization.  UsuaUy  the  solutions  containing  the 
sulphate  are  run  to  waste^  because  they  cannot  be  profitably 
worked  up. 

Manufacture  of  Sulphate  from  Mother-liquors  and  By-products  of 

Salt-works  and  Salt-gardens, 

(1)  From  mother4iquors. — In  these  there  are  always  chlorides 
and  sulphates  of  sodium,  magnesium,  &c.  present  (calcium  chloride 
has  already  at  a  previous  stage  been  converted  into  gypsum,  which 
has  got  into  the  pan-scale) ;  and,  according  to  the  temperature, 
the  acids  and  bases  combine  in  different  ways.  In  the  salt-gardens 
{marais  salants)  on  the  Mediterranean,  worked  according  to  the 
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process  of  Balard  and  Merle  (much  the  same  as  a  process  intro- 
duced into  the  Schoenebeck  salt-works  by  Hermann  at  the  begin- 
ning of  the  present  century),  concentration  by  spontaneous  evapo- 
ration, after  the  purer  common  salt  has  been  separated,  is  allowed 
to  go  on  till  (at  58°  to  64°  Tw.)  a  crystalline  deposit  of  equal  parts 
of  Epsom  salt  and  common  salt  {sets  mixtea)  has  been  formed.  This 
is  drained,  in  order  to  remove,  as  much  as  possible,  the  deliques- 
cent magnesium  chloride,  dissolved  in  water  up  to  the  point  of 
saturation  (55°  to  57°  Tw.),  and  the  solution  cooled  in  winter  by 
natural  cold,  in  summer  by  Carre's  freezing-machines.  In  this 
case  the  constituents  group  themselves  in  such  a  way  that  Glauber's 
salt  crystallizes  out,  and  magnesium  chloride  remains  in  the 
mother-liquor,  thus : — 

MgS04-|-2NaCl=Na2S04+ MgCl^. 

The  decomposition  is  most  complete  if  to  one  molecule  of 
Epsom  salt  there  are  three  instead  of  two  molecules  of  common 
salt ;  then,  on  cooling  to  —  1°  or  —2°  C,  almost  four  fifths  of  aU 
the  sulphate  which  the  mixed  salts  can  furnish  are  actually  obtained. 
It  is  drained  in  the  cold;  and  from  the  mother-liquors  at  +5°  to 
+  6°  C.  (in  autumn)  crops  of  Epsom  salt  are  obtained,  which,  dis- 
solved with  common  salt  and  cooled,  Aimish  new  quantities  of 
Glauber's  salt.  Too  much  cooling  must  be  avoided,  as  otherwise 
camallite  (MgCl2+2KCl  +  6H20)  crystallizes  out,  which  ought  to 
happen  only  with  the  last  mother-liquors.  The  crude  Glauber's  salt 
is  sometimes  purified  by  dissolving  in  tepid  water  and  crystallizing. 

The  sulphate  prepared  in  this  way  could  not  possibly  compete 
with  that  of  the  alkali-works,  unless  the  common  salt  and  the 
potassium  chloride,  being  the  principal  products,  paid  the  expense 
of  the  process. 

(2)  From  the  pan-scale  of  salt-works^  which  essentially  consists 
of  the  sulphates  of  sodium  and  calcium.  It  is  lixiviated  with 
water ;  gypsum,  being  insoluble  in  a  solution  of  sodium  sulphate, 
remains  behind.  On  the  large  scale,  four  tanks  are  ranged  side 
by  side,  and  charged  with  pan-scale  and  tepid  water.  After  24 
hours  the  liquid  is  run  off  by  a  plug-hole  in  the  bottom,  pumped 
into  the  second  tank,  kept  there  for  another  24  hours,  and  then 
conveyed  into  the  third,  and  ultimately  into  the  fourth  tank.  The 
first  tank  has  in  the  meantime  been  filled  with  fresh  water,  which 
is  repeated  foar  times ;  it  is  then  emptied  and  the  residue  of  gyp- 
sum sold  as  manure.     The  liquid  from  the  fourth  tank  is  again 
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brought  into  contact  with  fresh  pan-scale  in  the  first  tank^  and 
thus  completely  saturated.  Liquors  of  42°-44°  Tw.  are  thus 
obtained  in  summer^  which  are  either  kept  till  winter  in  wooden 
tanks^  whereupon  Glauber's  salt  crystallizes  out  in  frosty  weather, 
or  they  are  concentrated  by  evaporation,  filtered  through  canvas 
bags,  and  allowed  to  crystallize  at  ordinary  temperatures.  Loug, 
shallow  wooden  troughs  lined  with  lead,  say  20  feet  long  by  6  feet 
wide,  serve  as  coolers ;  the  liquid  should  not  stand  in  them  deeper 
than  3  inches,  because  otherwise  too  large  crystals  are  formed, 
which  are  not  liked  in  the  trade.  As  soon  as  the  crystallization 
sets  in,  a  wooden  rake  is  drawn  from  one  end  of  the  cooler  to  the 
other;  this  gentle  movement  causes  the  separation  of  many  indi- 
vidual crystals,  which  afterwards  grow  especially  in  the  longitudinal 
direction,  and  thus  acquire  the  peculiar  acicular  appearance  exhi- 
bited by  the  so-called  English  Glauber's  salt.  If  the  liquid  were 
moved  too  much,  or  stirred  about,  as  in  making  Epsom  salt, 
instead  of  well-formed  crystals  only  a  muddy  crop  would  be 
obtained.  If,  on  the  other  hand,  the  liquid  is  allowed  to  remain 
in  perfect  rest,  the  salt  crystallizes  principally  at  the  sides  and  the 
bottom  in  the  shape  of  large,  firm,  well-formed  crystals,  which 
must  be  detached  with  a  chisel  and  broken  up. 

When  the  cooling  is  complete,  the  mother-liquor  is  drawn  off 
by  a  siphon,  the  salt  is  put  into  a  tub  with  a  plug-hole  in  the 
bottom,  and  the  liquor  drained  ofi"  clear.  The  remaining  mother- 
liquor  is  removed  by  sprinkling  cold  water  on  the  salt  with  a 
watering-can,  allowing  it  to  stand  for  24  hours  and  drain.  The 
salt  is  dried  on  wickerwork  trays,  in  summer  in  an  open  place 
protected  from  dust,  in  winter  in  a  gently  heated  stove.  The 
crystals  are  not  left  in  contact  with  air  any  longer  than  until  they 
show  the  first  traces  of  effervescence  on  their  surface ;  otherwise 
they  would  become  unsightly  in  appearance  (Kerl-Stohmann's 
Chemie,  v.  p.  253) . 

On  vHfrking-up  kelp,  sodium  sulphate  is  also  obtained,  after  the 
crops  of  potassium  sulphate,  potassium  chloride,  common  salt,  and 
sodium  carbonate  have  been  got  out,  just  before  the  working  for 
iodine  commences. 

Manufacture  of  Sodium  Sulphate  from  Stassfurt  Kieserite. — 
Kieserite  (MgS04  +  HjO)  is  obtained  at  Stassfurt  from  the  residue 
remaining  in  the  treatment  of  the  ^'  Abraumsalz ''  for  potash  salts. 
This  residue  contains  55  to  60  per  cent,  of  common  salt,  25  to  30 


PROCESSES  FOR  OBTAINING  SULPHATE.  23 

per  cent,  of  magnesium  sulphate^  a  little  potassium  chloride^  anhy- 
drite, clay,  boracite,  and  water.  The  working-up  of  kieserite,  first 
for  Epsom  salt  (MgS04+7  H^O)  and  theij.  for  other  chemicals  by 
means  of  the  same,  was  first  proposed  by  Clemm  (French  patent  of 
Oct.  6th,  1863 ;  Wagner's  '  Jahresbericht,'  1864,  p.  256).  Whilst 
his  other  proposals  have  not  turned  out  successful,  his  process  for 
separating  the  kieserite  it«elf  is  employed  up  to  the  present  time. 
The  residue  from  dissolving  the  Abraumsalz  is  treated  with  a  cur- 
rent of  cold  water  in  a  tub  with  a  perforated  false  bottom ;  thus  the 
kieserite  is  washed  away  in  the  state  of  flour,  the  rock-salt  being 
partially  dissolved  and  partially  remaining  behind  in  larger  pieces. 
The  water,  with  the  particles  suspended  therein,  is  separated  from 
the  coarser  particles  by  a  fine  sieve,  and  then  subjected  to  fractional 
settling;  thus  the  kieserite  is  obtained  in  a  comparatively  pure 
state,  viz.  with  55  to  60  per  cent.  M gS04, 8  to  10  per  cent.  CaS04, 
2  to  4  NaCl,  the  remainder  being  HgO.  By  exposure  to  the  air : 
and  treatment  with  hot  water,  Epsom  salt  can  easily  be  obtained 
from  it,  and  from  this  also  Glauber's  salt  by  Balard's  process  ;  but 
for  this  purpose,  since  1865,  the  crude  residue  from  the  dissolution 
is  usually  employed,  which  at  the  same  time  contains  the  necessary 
common  salt.  At  first  great  difficulties  were  met  with  in  making 
and  working  up  large  quantities  of  liquor  in  the  cold  of  winter. 
The  employment  of  ice-making  machines  seemed  too  expensive ; 
and  even  the  idea  of  making  from  the  residues,  directly  after  dis- 
solving the  potassium  salts,  a  liquor  adapted  for  obtaining  sodium 
sulphate,  and  keeping  this  in  water-tight  brick  tanks  till  winter, 
was  found  difficult  to  realize,  as  the  tanks  could  not  be  kept  tight. 
After  sufficient  experience  had  in  this  way  been  gained,  manufac- 
turers have  reverted  to  making  the  solutions  of  Glauber^s  salt  only 
in  winter  and  during  sufficiently  frosty  weather ;  the  residues  ob- 
tained during  other  seasons  from  dissolving  the  potash  salts,  first 
weathered  in  heaps,  along  with  those  made  in  winter,  are  quickly 
dissolved  by  steam  in  vessels  provided  with  agitating  machinery^ 
settled,  and  exposed  to  the  frost  in  large  wooden  coolers.  At  one 
works  the  residues  are  siinply  dissolved  by  tepid  water  run  over 
them  in  tubs  provided  with  a  perforated  false  bottom.  This  pro- 
cess can  only  be  employed  for  completely  weathered  residues,  and 
does  not  yield  as  much  as  the  former.  Such  residues,  weathered 
for  some  years,  contain  all  the  kieserite  already  converted  into 
Epsom  salts.     An  analysis  showed : — 
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MgSO,  14-49 

Na5S04 13-96 

CaS04    2-26 

NaCl 2709 

KCl    1-60 

Insoluble   1048 

Water    30-12 

The  fresh  residues  must  be  freed  from  adheriDg  magnesium  chlo- 
ride and  camallite  by  washing  with  water,  because  these  greatly 
interfere  with  the  crystallization  of  Glauber^s  salt,  which,  however, 
is  much  assisted  by  an  excess  of  common  salt  (see  above) ;  the  resi- 
dues are  therefore  picked  in  such  a  way  that  they  contain  at  once 
4  molecules  of  NaCl  to  1  of  MgS04. 

The  crude  Glauber's  salt  obtained  in  this  way  has  the  following 
average  composition : — 

NasS04 40-22 

NaCl 1-23 

MgSO^  0-47 

MgCl,    0-92 

CaS04    1-12 

Insoluble   1*40 

Water    54-64 

It  is  useless  for  most  purposes,  on  account  of  its  impurities,  and 
is  therefore  either  dissolved  and  recrystallized  (refined  Glauber's  salt) 
GT  converted  into  calcined  sulphate.  In  both  forms  the  glass-works 
prefer  it  to  the  sulphate  made  by  decomposing  common  salt  with 
sulphuric  acid,  as  it  is  almost  completely  free  from  iron  and  quite 
as  free  frt}m  acid.  The  average  composition  of  the  calcined 
sulphate  is : — 

Ist  qualitj.  2nd  quality. 

Na^SO^ 97  94 

CaS04  11  1-1 

.    NaCl 1-6  2-5 

Insoluble 0-3  2*2 

Fe,0,    0-04  0-07 

The  crystallized  Glauber's  salt  can  be  obtained  either  in  large 
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crystals  similar  to  soda^  or  in  small  ones  similar  to  Epsom  salt ; 
both  are  unfortunately  much  used  for  adulterating  this  salt — espe« 
dally  soda^  as  Epsom  salt  does  not  differ  much  in  price  from 
Glauber^s  salt. 

Following  this  process,  the  works  of  the  Leopoldshall  United 
Company  in  the  winter  1872-73  made  about  3750  tons,  in 
1873-74  about  7500  tons,  in  1874-75  12,500  tons  of  crude  Glauber's 
salt. 

The  coolers  have  a  surface  of  12,000  square  metres,  and  in  frosty 
nights  furnish  up  to  150  tons  of  crude  crystals  in  24  hours.  If  all 
the  Leopoldshall  and  Strassfurt  works  would  work  up  their  residue  in 
a  similar  maimer,  35,000  tons  of  crystals,  or  11,500  to  12,000  tons 
of  calcined  sulphate  could  be  obtained ;  but  as  this  takes  much 
space  and  capital,  and  the  cost  price  of  the  sulphate  is  hardly  less 
than  that  made  in  the  usual  way,  many  factories  prefer  only  wash- 
ing for  crude  kieserite.  (This  description  is  by  Dr.  Prank,  in  Hof- 
mann's  '  Bericht,'  1875,  p.  363.) 

Clemm^s  proposal  of  1863,  mentioned  above,  was  the  following. 
To  1  molecule  of  NaCl  2  equivalents  (=1  molecule)  of  kieserite  were 
to  be  employed,  because  in  the  case  of  equal  equivalents  only  half  of 
the  NaCl  is  decomposed  and  a  double  salt,  Na3S04  and  MgS04,  is 
formed.  If  the  double  equivalent  of  kieserite  is  taken  and  the 
mixture  boiled  sufficiently  long  with  water,  all  the  NaCl  can  be  de- 
composed. The  solution  is  evaporated  to  dryness  and  the  residue 
treated  with  steam  at  a  red  heat :  HCl  escapes ;  and  the  double 
salt  remains  behind,  mixed  with  magnesia.  These  are  separated 
by  lixiviation ;  and  on  evaporating  the  solution  the  sodium  sulphate 
is  separated  in  an  anhydrous  state.  These  reactions,  however,  are 
not  quite  so  smooth ;  and  the  sulphate  thus  obtained  is  too  dear 
(Michels,  in  Wagner's  '  Jahresbericht/  1865,  p.  288). 


Manufacture  of  Sulphate  from  Common  Salt. 

The  following  processes  have  been  proposed  for  making  sulphate 
from  common  salt  as  a  principal  product : — 

1.  Heating  common  salt  with  sulphuric  acid, — This  is  the  pro- 
cess generally  employed,  and  will  afterwards  be  described  in 
detail. 

2.  Heaiinff  common  salt  with  sulphurous  add  and  atmospheric 
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air. — This  is  the  process  of  Hargreaves  and  Bobinson^  also  to  be 
described  in  detail  hereafter. 

3.  Heating  common  gait  with  metallic  sulphides,  especially  iron- 
and  copper-pyrites, — The  idea  of  making  sodium  sulphate  by  roast- 
ing common  salt  with  pyrites  is  at  all  events  a  very  old  one; 
Berzelius  {'  Lehrbuch  der  Chemie/  1836,  vol.  iv.  p.  153)  mentions 
it  as  a  proposal,  with  the  addition  of  powdered  coal.  The  fact  that 
pyrites,  or  brown  coal  containing  the  same,  under  these  circum- 
stances, yields  sodium  sulphate  on  lixiviation,  must   have  been 
already  known  in  the  last. century ;  for  the  French  Commission  of 
1792,  in  their  official  Report,  recommended  this  mode  of  prepara- 
tion as  preferable  to  that  proposed  by  Leblanc  (Wagner,  ^  Jahres- 
bericht,'  1857,  p.  103).     This  judgment  certainly  was  proved  to  be 
incorrect  in  practice ;  and  the  process  was  probably  never  carried 
out  to  any  extent  on  a  large  scale.     But  attention  was  soon  drawn 
to  the  fact  that  in  the  roasting  of  metallic  sulphides  with  common 
salt,  occurring  in  metallurgical  processes,  a  large  portion  of  the 
sulphur  is  found  in  the  calcined  mass  as  sodium  sulphate;  and 
Glauber's  salt  derived  from  this  source  was  actually  sent  into  the 
market.     This  may  have  been  the  occasion  of  Longmaid^s  bringing 
out  a  renewal  of  this  process,  which  was  carried  on  energetically 
for  a  number  of  years  and  attracted  great  attention,  but  in  the  end 
had  to  be  given  up.      His  first  patent  dates  from  October  20th, 
1842;  a  second  one  of  January  1st,  1844,  makes  no  essential  addi- 
tion.    He  proposed  to  treat  metallic  sulphides  with  common  salt,  in 
the  proportion  of  at  least  60  NaCl  to  40  sulphur,  in  a  reverberatory 
furnace  with  four  beds,  each  of  which  is  a  little  higher  than  that 
nearer  the  fire;  the  mixture  is  charged  upon  the  highest  bed  and 
gradually  brought  down.      The  product  on  lixiviation  furnishes 
sodium  sulphate,  common  salt,  and  copper  salts.     The  copper  is 
precipitated  by  metallic  iron,  the  iron  salts  precipitated  by  lime,  and 
the  sodium  sulphate  obtained  from  the  mother-liquor  by  evapora- 
tion.    The  access  of  air  during  the  roasting  must  be  exactly  regu- 
lated for  each  part  of  the  furnace,  so  that  at  first  only  ferric  sulphate 
is  formed,  from  which,  at  a  higher  temperature,  sulphuric  anhydride 
is  liberated ;  this  with  common  salt  yields  sodium  sulphate,  free 
chlorine,  and  sulphurous  acid,  but  very  little  of  the  latter  in  the 
presence  of  air.     The  following  reactions  may  take  place  in  the 
presence  of  air : — 
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2  FeSa  +  8  NaCl  4- 160 = 4  Na^SO^  +  Fe^Cle  +  2  CI, 
2FeSj4-8NaCl  +  190=4Na,S04  +  FeA  +  8Cl; 

oPj  in  the  presence  of  steam, 

2  FeSg  +  8  NaCl +4H20  +  150=4  Na3S04  +  FeA  +  8  HCl. 

The  latter  reaction  is  only  a  secondary  one  in  the  original  pro- 
cess of  Longmaid.  It  is,  however,  much  more  complete  than  the 
former ;  and  therefore  in  Hargreaves's  process  steam  is  always  em- 
ployed. The  addition  of  small  coal  frequently  made  (not  by  Long- 
maid)  only  serves  as  fuel,  and  is  not  only  unnecessary,  since  no  great 
heat  is  required,  but  even  injurious,  by  reducing  sulphate  to 
sulphide. 

By  being  only  gradually  moved  from  the  coolest  to  the  hottest  part 
of  the  reverberatory  furnace,  the  common  salt  is  only  gradually 
transformed  into  sulphate,  and  the  mixture  becomes  more  capable 
of  withstanding  a  high  temperature  without  melting.  This  easy  fusi- 
bility of  the  mass  is  just  one  of  the  principal  difficulties  of  the  pro- 
cess, because  it  necessitates  the  heat  being  moderate,  rendering  the 
decomposition  very  slow,  and  very  incomplete  if  any  fused  portions 
are  present.  It  is  also  impossible  to  avoid  a  loss  of  sulphur  in  the  shape 
of  sulphurous  acid  in  this  operation.  The  advantage  of  the  process 
at  the  time  of  its  introduction  lay  in  the  possibility  of  working  up 
worthless  small  ore  and  of  obtaining  from  the  residue  small  quan- 
tities of  copper  and  tin,  not  otherwise  recoverable.  The  sulphate 
certainly  contained  too  much  common  salt  to  be  employed  directly 
in  alkali-works,  and  had  first  to  be  heated  with  sulphuric  acid  in 
ordinary  decomposing-pans.  Longmaid  conveyed  the  gas  generated 
in  calcining  through  wooden  flues  submerged  in  water,  where 
muriatic  acid  and  ferric  chloride  condensed,  whilst  chlorine  remained 
behind  and  was  used  for  making  bleaching-powder ;  of  course  this 
was  only  very  weak,  and  had  to  be  brought  up  to  the  usual  standard 
by  chlorine  obtained  in  the  usual  way,  which  no  doubt  was  found 
impossible  in  practice. 

Longmaid's  process  was  carried  out  for  a  number  of  years  by  the 
inventor  himself  at  St.  Helen's  in  Lancashire,  at  Ardrossan,  and  at 
WaUsend-on-Tyne.  In  Scotland  (Wagner's  Jahresb.  1861,  p.  171) 
a  slate  containing  pyrites  (say  10  to  30  per  cent,  of  sulphur)  was 
ground  up  with  crude  rock-salt,  moulded  into  bricks,  dried,  and  cal- 
cined in  a  kiln.     After  three  or  four  weeks  the  decomposition  was 
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pretty  complete ;  the  burnt  bricks  were  lixiviated,  the  liquor  eva- 
porated to  dryDcsa,  the  residue  treated  with  sulphuric  acid  aod 
heated  strongly,  in  order  to  decompose  ferric  and  aluminic  chlo- 
ride. A  similar  material  was  that  remaining  at  Crouhenans  (Haute- 
Sadne)  from  the  preparation  of  slaty  coal  for  sale. 

The  process  employed  at  Wallsend  for  some  time  was  more 
similar  to  the  original  process  of  Longmaid,  and  distinct  from  it 
chiefly  by  the  fiirnace   (sketched  in  figs.  7  and  8],     The  rever- 

Kg.7. 


heratory  furnace,  heated  by  a  fire-place,  a,  has  only  two  beds, 
b  and  c,  of  which  b  is  horizontal,  c  rising  towards  the  back ; 
above  the  back  part  of  c  rises  the  kiln  d,  whose  grate-bars  ee  are 
easily  movable  in  the  openings  i  i ;  on  the  top  it  is  closed  by  the 
lid/,  used  for  charging.  ^  is  a  flue  leading  from  the  kiln;  A  an- 
other, leading  from  the  furnace  to  the  chimney ;  both  provided  with 
dampers.  The  openings  it  also  serve  for  admitting  and  regulating 
the  air;  this  can  also  be  done  from  the  working-doors  kk.  The 
fresh  mixture  is  first  charged  through  /  into  the  kiln  d ;  then,  when 
the  charge  has  been  withdrawn  from  b  and  that  from  c  has  been 
moved  forward  on  to  i,  the  grates  e  e  are  drawn  out  and  the  con* 
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tents  of  d  dropped  into  c ;  then  the  grates  are  put  in  again^  and  d 
is  charged  anew.  Usually  the  fire-gas  travels  from  the  interior  of 
the  furnace  through  the  kiln  d,  and  from  this  through  ff  to  the 
chimney ;  but  if  the  heat  becomes  too  great^  the  dampers  are  so 
placed  that  a  portion  of  the  fire-gas  is  conveyed  away  by  A. 

Longmaid^s  process  has^  it  is  true,  not  been  able  to  compete  with 
the  usual  one^  both  on  account  of  the  above-mentioned  incomplete- 
ness of  the  decomposition,  which  necessitates  a  treatment  with  suU 
phuric  acid,  and  owing  to  the  necessity  of  lixiviating  the  product  of 
calcination  and  consuming  fuel  for  making  anhydrous  sulphate. 
It  has  consequently  been  given  up  for  some  time ;  but  it  has  given 
an  impulse  to  two  important  processes — of  which  one,  copper- 
extraction  by  calcining  with  salt,  has  become  an  established  working 
process,  and  the  other,  the  preparation  of  sulphate  by  roasting  the 
pyrites  apart  from  the  salt^  and  thus  doing  away  with  the  lixivia- 
tion,  in  the  hands  of  Hargreaves  and  Robinson  promises  to  do  the 
same  thing. 

Similar  plans  have  been  proposed  by  Camy,  and  by  Mesdach 
(French  patent,  1858;  Wagner's  Jahresb.  1858,  p.  118).  The 
latter  conducts  the  gas  generated  in  a  separate  roasting  of  pyrites 
over  moistened  common  salt ;  the  SO3  is  used  to  decompose  water, 
and  the  freed  oxygen  to  cause  the  formation  of  sulphate  from 
NaCl  and  SOj,  This  process  was  a  precursor  of  Hargreaves's, 
though  exhibiting  a  very  imperfect  comprehension  of  its  principles. 
Also  by  Thibierge  (Dingl.  Joum.  clxx.  p.  312),  who  mixes  800 
parts  of  peat,  300  pyrites,  and  65  common  salt,  and  obtains  a  yield 
of  162  sulphate  [?] . 

Bobb  (English  patents  of  March  26th  and  April  2nd,  1858) ,  who,  as 
already  mentioned  (Vol.  I.  p.  641),  proposed  to  make  sulphuric  acid 
by  conducting  bumer-gas  over  red-hot  ferric  oxide,  proposed  to  make 
sulphate  by  conducting  sulphurous  acid  over  a  faintly  red-hot  mix- 
ture of  common  salt  and  ferric  oxide,  or,  in  lieu  of  the  latter, 
pyrites,  manganese,  &c.,  shaped  into  balls  or  bricks  by  the  help  of 
clay.  If  steam  is  admitted,  hydrochloric  acid  is  formed — ^without 
air,  free  chlorine.  Robb  thus  already,  before  Mesdach,  separated 
the  burning  of  pyrites  from  the  employment  of  SO^;  but  he 
retained  the  greatest  drawback,  viz.  the  mixing  of  the  salt  with  the 
other  materials,  which  necessitates  lixiviation.  He  can  thus  only 
be  called  one  of  Hargreaves's  precursors. 

Weldon,  on  5th  February,  1872,  patented  the  manufacture  of 
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sulphate  hj  heating  NaCl  with  manganese  sulphide,  along  with  air^ 
or  with  air  and  steam  together, — also  from  NaCl  along  with  MngOi 
and  CuO  or  FcgOs  in  a  current  of  SOj  and  air,  also  with  steam 
— or  in  a  current  of  SOs,  or  of  CO — ^in  short,  a  large  number  of 
combinations,  none  of  which  seems  to  have  found  any  practical 
application. 

According  to  a  patent  taken  out  by  Hutchinson  (January  Ist, 
1876),  a  finely  powdered  niixture  of  alkaline  chlorides  and  metallic 
sulphides  or  brimstone  is  dropped  down  in  a  tower  or  revolving 
cylinder,  whilst  a  red-hot  mixture  of  air  and  steam  traverses  it ;  or 
the  chlorides  are  to  be  dropped  by  themselves  as  a  rain,  and  brought 
into  contact  with  the  gas  from  .burning  the  metallic  sulphurets  by 
themselves,  mixed  with  air  and  steam.  This  is  especially  recom- 
mended for  the  gas  from  metallurgical  operations,  which  is  other- 
wise lost.  The  first  proposal  would  agree  with  Longmaid^s,  the 
second  with  Hargreaves's  process,  with  this  difference — ^that  the 
substances  are  brought  into  contact  with  red-hot  gas  in  the  shape 
of  a  rain  of  dust.  The  escaping  muriatic  acid,  mixed  with  chlo- 
rine, is  to  be  utilized  in  the  usual  way.  This  process  seems  to  offer 
unsurmountable  practical  difficulties,  and  will  hardly  come  into 
operation  for  the  manufacture  of  sulphate. 

4.  From  common  salt  and  Epsom  salts, — Scheele  already  in  1787 
observed  that,  if  solutions  of  magnesium  sulphate  and  sodium 
chloride  are  mixed  and  the  solution  cooled  down  at  least  to  —  3°C., 
Glauber^s  salt  crystallizes  out  and  magnesium  chloride  remains  in 
the  mother-liquor  (Wagner, '  Regesten  der  Sodafabrikation,'  p.  25). 
But  probably  the  previously  mentioned  "  Friedrichsalz,''  sent  out 
from  the  Friedrichshall  salt-works  since  1767,  was  made  in  the  same 
way,  of  course  without  any  understanding  of  the  process.  We  have 
also  already  mentioned  the  application  of  the  same  reaction  to  the 
mother-liquors  of  the  salt-gardens  in  the  South  of  France,  and  to 
the  residue  from  dissolving  the  potash  salts  at  Stassfurt.  As  a  real 
principal  product,  Kamon  de  Luna  (Wagner's  Jahresb.  1855,  p.  59) 
proposed  to  make  sodium  sulphate  from  the  Epsom  salt  found  in 
several  parts  of  Spain,  especially  near  Madrid.  An  intimate  mixture 
of  2  parts  of  crystallized  or  1|  part  of  slightly  dried  Epsom  salt  and 
1  part  of  common  salt  is  to  be  brought  to  a  red  heat :  hydrochloric 
acid  escapes;  and  the  residue  consists  of  a  mixture  of  sodium  sulphate 
and  magnesia.  If  this  is  treated  with  water  at  90°  C,  sodium  sul- 
phate^ with  any  undecomposed  magnesium  sulphate,  is  dissolved ; 
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the  latter  is  conyerted  by  milk  of  lime  into  calcium  sulphate  and 
magnesia,  and  thus  remoyed.  De  Luna  in  this  way  prepared 
12  tons  of  Glauber^s  salt ;  but  he  has  had  no  successor. 

Long  before  him  Lord  Dundonald  had  used  the  same  plan.  In 
his  patent  of  Feb.  28th,  1705,  he  proposes  to  make  Glauber's  salt 
by  mixing  sea^alt  or  rock-salt  with  the  sulphate  of  alumina,  iron^ 
or  magnesia  (expressly  mentioned  as  ''Epsom  salts ^'),  or  with 
gypsum,  all  in  solution  or  otherwise,  adding  to  this  a  suitable  quan- 
tity of  clay,  preferably  containing  iron,  drying,  grinding,  and  heat- 
ing in  a  reverberatory  furnace,  crucible,  or  the  like,  till  the  muriatic 
acid  is  driven  off.  After  this  the  Glauber^s  salt  is  to  be  extracted 
by  lixiviating  and  washing,  and  to  be  obtained  by  crystallization  or 
evaporation  to  dryness.  Epsom  salt  and  rock-salt  ignited  together 
yield  the  product  even  without  addition  of  clay  containing  iron,  but 
not  so  completely. 

Mai^ueritte  in  1855  obtained  a  patent  for  the  indirect  prepara- 
tion of  sodium  sulphate  from  magnesium  sulphate  by  the  mediation 
of  lead  sulphate — which  will  be  mentioned  again  further  on,  as  well 
as  Anthonys  process  introducing  gypsum. 

5.  From  common  salt  and  calcium  sulphate. — Lord  Dundonald's 
proposal  of  this  kind  has  been  just  mentioned.  The  next  proposal 
of  the  same  kind  is  stated,  in  Wagner's  '  Regesten,'  p.  29,  to  have 
been  made  by  Hodson ;  but  no  such  patent  appears  in  the  English 
list^  and  there  may  possibly  be  a  confusion  with  Wilson,  who  on 
November  22nd,  1838,  took  out  a  patent,  in  which  it  is  prescribed 
to  boil  together  common  salt^  gypsum,  and  magnesium  carbonate 
by  steam  in  certain  proportions.  Calcium  carbonate  is  formed; 
and  from  the  solution^  on  concentration,  anhydrous  sodium  sulphate 
is  separated ;  magnesium  chloride  remains  in  solution.  The  mag- 
nesia is  precipitated  by  lime,  and  reconverted  into  carbonate  by  a 
cuiTcnt  of  carbonic  acid.  Tilghman  (patent  of  Feb.  1st,  1847), 
among  many  other  things^  also  proposed  to  bring  equal  parts  of 
common  salt  and  gypsum  to  a  red  heat  in  fireclay  cylinders  lined 
with  magnesite^  and  to  conduct  superheated  steam  over  the  mix- 
ture ;  the  escaping  muriatic  acid  gas  is  condensed,  and  the  residue 
worked  up  by  lixiviation.  This  process  has  never  been  carried  out 
on  a  large  scale ;  and  it  could  not  succeed,  as  Enapp  found  (Lie- 
big's  '  Jahresbericht,'  1847-48,  p.  1054)  that  the  commencement  of 
decomposition  could  be  observed  in  a  glass  tube,  but  not  in  a  gun- 
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barrel — according  to  which^  in  Tilghman^s  process  silica  seems  to 
play  a  part. 

That  on  melting  together  common  salt  and  gypsum  no  decompo- 
sition takes  place^  has  been  shown  by  Trommsdorff  (Qmelin-Kraut's 
'  Handbuch  der  Chemie/  5th  ed.  ii.  p.  185),  Karsten  (Wagner's 
'  Regesten/  p.  29),  and  H.  L.  Buff  (*  Dingler's  Journal/  clxxii. 
p.  282).  Oreenshields  (patent  of  December  22nd,  1852)  states  that 
by  adding  powdered  coal  or  coke,  igniting  and  lixiviating,  not  pure 
sulphate,  but  a  product  containing  much  sodium  sulphide,  is  ob- 
tained, which  was  to  be  worked  up  with  small  coal  and  calcium  car- 
bonate in  an  ordinary  black-ash  furnace. 

Nickles  (Repert.  de  Chim.  appl.  1862,  p.  464)  ignites  a  mixture 
of  anhydrite,  rock-salt,  and  manganese.  From  the  rock-salt  the  oxy- 
gen of  the  manganese  liberates  chlorine,  which  escapes  in  a  gaseous 
form,  whilst  sodium  sulphate  and  lime  remain  behind.  In  this  pro- 
cess, however,  at  most  15  pier  cent,  of  sodium  sulphate  can  be 
obtained ;  also  the  volatility  of  sodium  chloride  at  a  red  heat  is 
inconvenient  for  this  and  any  similar  processes. 

Anthon  ('  Dingler's  JoumaV  clxxi.  p.  138)  obtained  an  Austrian 
patent  for  the  following  process.  It  is  based  on  the  fact  that  mag- 
nesium carbonate  is  completely  decomposed  by  calcium  sulphate, 
magnesium  sulphate  and  calcium  carbonate  being  formed,  and  the 
other  fact  that  common  salt  and  magnesium  sulphate  yield  sodium 
sulphate  and  magnesium  chloride.  Equivalent  proportions  of  com- 
mon salt,  calcium  sulphate,  and  burnt  magnesia  are  mixed  with  a 
weight  of  water  from  6  to  8  times  that  of  the  common  salt;  and, 
with  constant  agitation,  carbonic  acid  is  passed  through  up  to 
saturation ;  the  solution  is  separated  from  the  calcium  carbonate 
formed,  and  evaporated,  whereupon  Glauber's  salt  crystallizes  out, 
and  magnesium  chloride  remains  in  the  mother-liquor.  Or  mag- 
nesium carbonate  is  employed  from  the  first,  and  the  mixture 
stirred  for  three  or  four  hours.  The  magnesia  is  to  be  obtained  by 
burning  magnesite  or  dolomite,  by  precipitating  magnesium  chlo- 
ride with  lime,  or  by  sufficient  heating  of  magnesium  chloride. 

Another  indirect  method  of  preparing  sulphate  from  gypsum 
was  patented  in  Bavaria  by  Bandiner  in  1832  (Wagner's  Jahresb. 
1858,  p.  102) ;  it  has  been  proposed  again  by  Fleck  (Fabrik.  chem. 
Prod,  aus  thier.  Abfallen,  p.  131)  and  Reinsch  (Wagner's  Jahresb. 
1870,  p.  167),  and  consists  in  converting  finely  powdered  gypsum 


PK0CE8SES  FOR  OBTAINING  SULPHATE.  33 

by  means  of  ammonimn  sesquicarbonate  into  ammonium  sulphate^ 
and  preparing  from  the  latter,  by  sublimation  with  common  salt, 
sodium  sulphate  and  sal-ammoniac. 

6.  Prom  common  salt  and  ammonium  sulphate,— Hhis  process,  in 
vhich  sal-ammoniac  is  the  principal  object  and  sodium  sulphate  only 
a  by-product,  has  been  already  mentioned.  The  process  has  been 
employed  since  1795  at  GreneUe  in  France,  later  on  by  Pruckner, 
Persoz,  Poole,  and  others,  and  is  still  in  common  use.  One  equi- 
valent of  ammonium  sulphate  and  two  of  common  salt  are  dissolved 
in  warm  water  and  evaporated,  so  that  anhydrous  sodium  sulphate 
is  separated.  When  the  liquid  is  concentrated  up  to  the  point  that 
a  drop  solidifies  on  cooling,  it  is  run  off;  on  cooling,  sal-ammoniac 
crystallizes  out.  The  proposal  of  Bandiner,  mentioned  in  No.  5, 
belongs  to  this  class  as  well. 

7.  From  common  salt  and  aluminium  sulphate  or  alum, — This 
process  has  been  already  mentioned,  where  sodium  sulphate  is  a  by- 
product; as  principal  product  it  was  made  about  1750  by  Con- 
stantin  at  Welle,  near  Osnabriick,  from  alum  (Wagner^s  '  Regesten,' 
p.  33),  and  by  Lord  Dundonald  in  1795  from  aluminium  sulphate 
(see  above).  The  same  decomposition  bfus  been  again  carried  out 
(according  to  Wagner's  'Regesten')  by  Gren,  S.  Hahnemann, 
Fuchs,  Piepenbrincky  and  Tuhten ;  Pelouze  and  Kuhlmann's  patent 
of  1850  and  Cunningham's  patent  of  1850  also  belong  to  this 
class.  In  this  process  the  object  is  either  the  preparation  of 
alumina, 

AI2  (SO4)  8 + 6  NaCl  +  3  H2O = 3  Na3S04  +  Al^Os  +  6  HQ, 

or  that  of  aluminium  chloride, 

Alj  (804)3 + 6  NaCl  ==  3  NajS04  +  K\C\. 

Since  most  alum  is  not  made  from  aluminous  schist,  but  from 
sulphuric  acid  and  clay,  such  a  preparation  of  sodium  sulphate  can- 
not take  place  any  more  as  a  principal  product,  but  only  as  a  by- 
product in  making  aluminium  chloride  for  dyers  &c. 

8.  Prom  common  salt  and  ferrous  sulphate  or  other  iron  salts, — 
That  sodium  sulphate  can  be  obtained  from  ferrous  sulphate  and 
common  salt,  both  by  igniting  them  together  and  by  mixing  the 
solutions  of  both  salts  and  exposing  to  the  cold  of  winter,  has  been 
known  long  since.  The  former  process  was  described  in  1789  by 
S.  Hahnemann,  the  latter  by  H.  van  der  Ballen,  Lieblein,  Tuhten, 
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and  Wiegleb  (Wagner's  '  Regesten^'  p.  80) ;  Lord  Dundonald^  in 
1795^  likewise  mentions  it.  Athenas^  in  1793^  already  had  an 
alkali-works  in  Paris  founded  upon  this.  Wilson^  on  November 
22nd^  1838^  patented  the  addition  of  common  salt  to  a  boiling 
solution  of  ferrous  sulphate^  whereupon  anhydrous  sodium  sulphate 
is  precipitated  and  washed  with  a  hot  saturated  solution  of  common 
salt^  in  order  to  remove  the  mother-liquor  of  ferrous  chloride.  He 
further  converts  the  latter  into  ferrous  hydrate^  and  by  means  of 
this  prepares  sodium  hydrate. 

According  to  Berzelius  ('Lehrbuch  der  Chemie/  4th  ed.  iv. 
p.  153)^  at  Fahlun  sodium  sulphate  is  obtained  from  the  pit-water 
and  &om  the  mother-liquor  got  in  making  copperas^  by  mixing 
them  with  the  proper  quantity  of  common  salt^  evaporating  to  dry- 
ness^ and  igniting.  The  pit-water  contains  several  sulphates^  espe- 
cially those  of  iron^  which  on  igniting  decompose  the  sodium 
chloride  to  form  sulphate^  whilst  metallic  chlorides  are  formed  and 
partially  volatilised ;  partially  they  give  up  chlorine  and  take  up 
oxygen  from  the  air.  The  calcined  salts  are  dissolved  in  boiling 
water,  and  a  crop  of  sodium  sulphate  crystals  obtained  on  cooling. 
Abich  introduced  the  same  process  at  Schoningen,  and  employed 
the  ferrous  chloride  remaining  in  solution  for  making  Prussian 
blue  (Mitscherlich,  Lehrb.  d.  Chemie^  1847,  ii.  p.  58).  Already  in 
1819  the  same  thing  exactly  is  described  in  a  patent  of  Fuller's.  In 
spite  of  all  this  the  process  was  described  as  new  in  1852  by  £. 
Thomas,  Delesse,  and  Boucard  (Wagner,  /.  c.) . 

Macfarlane  ('  Silliman's  Journal'  (2),  xxxvi.  p.  269)  ignites  dried 
copperas  and  common  salt  in  §  current  of  air.  At  first  ferric  chlo- 
ride is  formed ;  and  this  yields  ferric  oxide  and  chlorine ;  so  that 
the  residue  contains  sodium  sulphate  and  ferric  oxide.  An  addi- 
tion of  ferric  oxide  assists  the  reaction  by  making  the  mass  more 
porous  and  less  fusible.  828  parts  of  copperas  are  dried  in  a  gentle 
heat  and  partly  oxidized,  intimately  mixed  with  352  parts  of  sear- 
salt  and  78  parts  of  ferric  oxide,  brought  to  a  low  red  heat  in  a 
mufSe  furnace,  and. a  current  of  air  dried  by  caustic  lime  is  con- 
ducted over  the  mixture.  The  temperature  should  not  be  so  high 
that  ferric  chloride  can  sublime ;  the  mass  must  be  stirred  from 
time  to  time.  In  this  case  only  chlorine  escapes,  mixed  with 
nitrogen: 

2  FeS04  +  4  NaCl  +  ©8=2  SO^Na,  +  Fe,0«  +  CI4. 
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In  the  muffle  there  remains  a  mixture  of  ferric  oxide  and  sodium 
sulphate^  which  is,  without  lixiyiation,  converted  into  caustic  soda 
and  iron  sulphide  by  a  process  to  be  described  in  the  Third  Book. 
Even  this  process,  where  lixiviation  is  avoided,  does  not  pay. 

Persoz  and  Euhlmann  (Dingl.  Joum.  cxxxiv.  p.  394)  in  1850 
obtained  a  patent  for  decomposing  common  salt  by  alum-mud,  basic 
ferric  sulphate,  or  calcined'  alum-slate — that  is  to  say,  essentially 
the  same  materials  as  the  last,  only  already  partially  oxidized. 
They  also  introduce  steam  during  the  heating ;  so  that  the  reac- 
tion will  be 

Fcj  (SO4)  8 + 6  NaCl + 3  H2O = 3  titL^SO^^  4-  Fe^Os  +  6  HCl. 

The  residue  is  to  be  separated  by  lixiviation. 

It  will  be  seen  that  the  process  employing  ferrous  or  ferric  sul- 
phate in  the  dry  way  is  a  transition  to  calcining  pyrites  with  com- 
mon salt  (usually  called  Longmaid's  process) ;  the  latter  is  anyhow 
preferable,  because  in  this  case  the  ferrous  sulphate  is  not  pre- 
pared by  itself,  but  employed  at  once  in  the  nascent  state. 

9.  Common  salt  and  cupric  sulphate  (Wilson,  1838;  Hunt, 
Jan.  21st,  1840). 

10.  Common  salt  and  zinc  sulphate  (Hunt,  1840;  Boulton, 
Feb.  23rd,  1852;  Kessler  in  Wagner's  Jahresb.  1859,  p.  244).— In 
both  cases  the  process  is  essentially  the  same  as  that  of  Wilson,  de- 
scribed above  for  ferrous  sulphate ;  only  the  mother-liquors  of 
cupric  or  zinc  chloride  are  precipitated  by  lime,  and  the  oxides 
worked  up  in  various  manners.  Here  the  manufacture  of  sodium 
sulphate  as  principal  product  is  out  of  the  question.  To  this  class 
belongs  the  manufacture  of  sodium  sulphate  from  the  mother- 
liquors  of  the  wet  copper-extraction. 

11.  Prom  common  salt  and  manganese  sulphate. — Barrow  (patent, 
Feb.  26th,  1856)  describes  this  process^  which  is  quite  analogous  to 
the  former  ones,  as  part  of  a  very  unpractical  and  complicated  new 
process  for  manufacturing  alkali. 

12.  From  common  salt  and  lead  sulphate, — Margueritte  in  1855 
patented  the  following  process  : — ^Equivalent  proportions  of  lead 
sulphate  (obtained  by  calcining  galena)  and  common  salt  are 
mixed,  and  the  mixture  heated  for  a  long  time  in  retorts  or  open 
roasters  up  to  a  bright  red  heat.  Sodium  sulphate  and  lead  chlo- 
ride are  formed ;  the  latter  is  volatilized,  and  condensed  in  a  suit- 

d2 


36  SULPHATE  OF  SODA  AND  HYDROCHLORIC  ACID. 

able  apparatus.  The  residue  contains  undecomposed  lead  sulphate 
and  sodium  sulphate^  which  are  separated  by  dissolving  and  eva* 
porating;  the  lead  chloride  is  again  converted  into  sulphate  by 
means  of  gypsum  or  Epsom  salt ;  and  it  is  therefore  the  latter  that 
furnishes  the  sulphuric  acid,  not  the  lead  sulphate,  which  only  serves 
as  carrier.    The  reactions  are : — 

I.  2NaCl4-PbS04  =Na2S04+PbCl5; 

II.  PbClg  4-MgS04=PbS04  +MgCl« 
(or  CaS04)  (or  CaClj) . 

This  process  was  described  in  detail  in  'Dingler's  Journal/ 
clviii.  p.  298 ;  it  has  never  been  carried  out  on  an  industrial  scale^ 
in  which  a  complete  condensation  of  lead  chloride  and  the  avoid- 
ance of  other  losses  of  lead  could  certainly  not  be  expected. 
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CHAFTER  III. 

SULPHATE  AND  HYDROCBXORIC  ACID  FROM  COMMON  SALT 

AND  SULPHURIC  ACID. 

This  is  not  merely  the  process  which  up  to  this  day  furnishes  the 
bluest  portion  of  all  the  sulphate^  but  at  the  same  time  the  oldest^ 
viz.  that  employed  by  Glauber  himself.  He  and  his  successors 
obtained  sulphate  in  the  first  instance  as  a  by-product  in  making 
hydrochloric  acid  in  glass  retorts.  But  when  the  manufacture  of 
artificial  soda^  at  the  end  of  the  last  century,  received  a  sudden 
impetus  from  certain  circumstances  to  be  explained  in  the  Third 
Book^  that  of  sulphate  had  to  be  increased  in  the  same  proportion ; 
and  the  time  came  when^  on  the  contrary^  muriatic  acid  became  a 
by-product,  and  in  many  cases  was  altogether  lost — a  state  of 
matters  which  in  some  places  exists  to  this  day.  Leblanc  him- 
self prepared  the  sulphate  which  served  as  a  starting-point  for 
his  soda-process  by  decomposing  common  salt  with  sulphuric 
acid. 

At  the  same  time,  of  course,  the  apparatus  had  to  receive  another 
shape— at  first  that  of  iron  cylinders  when  the  muriatic  acid  had 
to  be  condensed,  or  of  open  lead  dishes  when  this  was  not  the 
case ;  the  latter  were  frequently  heated  by  the  waste  fire  of  the 
soda-furnaces,  and  were  usually  in  connexion  with  a  calcining- 
fumace.  But  only  when  the  alkali-manufacture  had  gained  a 
firm  footing  in  England,  and  began  to  be  carried  on  there  on  a 
much  larger  scale  than  on  the  Continent,  were  apparatus  adopted 
suitable  for  producing  large  quantities.  The  first  who  in  England 
made  sulphate  by  decomposing  common  salt  with  sulphuric  acid 
was  William  Losh,  who  had  studied  chemistry  in  France,  and, 
having  returned  to  his  native  country  in  the  beginning  of  this 
century,  erected  a  chemical  works  at  Walker-on-Tyne.  A  weak- 
brine  spring  existing  there  first  gave  occasion  to  this.    In  1812  or 
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1815  lead  chambers  were  erected,  the  product  of  which  was  partly 
sold  as  oil  of  vitriol,  partly  employed  for  decomposing  common 
salt  obtained  from  various  sources.  The  first  furnaces  for  this 
purpose  were  made  of  lead  and  lined  with  bricks ;  2  cwt.  of  salt 
was  introduced  at  a  time ;  and  the  vitriol  was  slowly  poured  in 
from  a  carboy  through  a  hole  in  the  furnace-roof.  The  muriatic 
acid  escaped  into  the  air  by  a  short  chimney.  After  three  hours 
a  plug  in  the  side  of  the  lead  pan  was  drawn  out  and  the  semi- 
liquid  mass  was  run  into  a  lead  vessel,  where  it  solidified  into  a 
hard  cake,  which  was  broken  up  and  calcined  to  finished  sulphate. 
The  lead  furnace,  which  stood  a  very  short  time,  was  in  1828  re- 
placed by  a  brick  furnace,  and  in  1840  by  cast-iron  decomposing- 
pans,  such  as  are  now  used,  both  by  Lee  at  Felling-on-Tyne  and 
by  Gamble  at  St.  Helens  (Clapham,  '  Soda-Manufacture  on  the 
Tyne,'  p.  14) .  A  second  factory  of  a  similar  kind  arose  at  Blyth 
in  1822 ;  but  1823  was  the  real  year  of  birth  of  the  manufacture 
of  sulphate  (and  soda)  on  a  large  scale — ^when  the  enormous  salt- 
duty  was  taken  off,  which  had  prevented  any  great  extensioi^.  In 
that  year  James  Muspratt  erected  a  factory  at  Liverpool,  in  which 
common  salt  was  decomposed  with  sulphuric  acid,  and  Leblanc's 
process  was  carried  out  completely.  In  the  same  year  Cookson  &; 
Co.  (now  the  Jarrow  Chemical  Company),  at  South  Shields,  fol- 
lowed suit,  perhaps  even  before  Muspratt ;  and  in  1827  a  number 
of  works  arose  both  in  Lancashire  and  on  the  Tyne. 

The  following  will  give  an  idea  of  the  present  extension  of  this 
trade : — In  1869  there  were  decomposed  in  England  326,000  tons 
of  salt ;  in  1676,  647,000  tons  in  the  United  Kingdom. 

Excepting  very  few  cases,  viz.  the  cylinder  furnaces  of  the  oldest 
and  the  mechanical  furnaces  of  the  most  recent  time,  the  operation 
of  making  sulphate  consists  of  two  stages.  The  common  salt  is  at 
once  brought  together  with  the  whole  quantity  of  sulphuric  acid 
required — that  is,  1  SO4H)  to  2  NaCl,  which  ought  to  yield  simply 
NajSO^  and  2  HCl ;  but,  owing  to  the  tendency  of  sulphuric  acid 
to  form  acid  salts,  the  decomposition  only  proceeds  in  stages. 
The  usual  representation  of  the  process  is^  that  at  first  the  follow- 
ing reaction  takes  place — 

I.  Na  CI  +   HaS04  =  Na  H  SO4  +   H  CI,— 

Common        Sulphuric  Acid  sodium       Hydroohlorio 

salt.  acid.  sulphate.  acid. 
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and  that  then  a  second  molecule  of  common  salt  comes  into  play, 
and  the  following  reaction  sets  in — 

II.  NaHS04  +  NaCl  =  Na2S04  -h   HCl. 

Add  sodium  Oommon  Sodium        Hydroohlorio 

sulphate.  salt  sulphate.  acid. 

These  two  reactions,  however,  certainly  are  not  sharply  separated ; 
and  only  so  much  can  be  said,  that,  on  the  whole,  at  a  compara- 
tively low  temperature  sulphuric  acid  and  common  salt,  even  when 
the  latter  is  in  excess,  act  upon  each  other  principally  according  to 
the  first  equation,  whilst  at  a  higher  temperature  the  excess  of 
common  salt  acts  upon  the  acid  sodium  sulphate  according  to  the 
second  equation — ^in  other  words,  that  the  decomposition  of  com- 
mon salt  becomes  perfect  only  at  a  higher  temperature,  viz.  at  a 
pretty  strong  red  heat.  The  two  stages  of  work  mostly  employed 
in  practice  do  not  coincide  with  the  above  equations ;  for  whilst, 
on  H3SO4  meeting  2  NaCl,  according  to  the  first  equation  only  50 
per  cent,  of  all  the  hydrochloric  acid  ought  to  be  given  off,  in  the 
technical  first  stage,  the  decomposing-pan,  66  to  70  per  cent,  of  all 
the  HCl  are  given  off,  although  nothing  Kke  a  red  heat  is  attained 
there. 

Thus  by  the  action  of  liquid  sulphuric  acid  on  solid  common 
salt  there  is  always  formed,  first,  sodium  sulphate  (whether  acid  or 
neutral),  which  is  solid,  and,  secondly,  hydrochloric  acid,  which 
escapes  as  a  gas  and  has  to  be  condensed  into  a  liquid,  at  the  same 
time  with  aqueous  vapour  coming  firom  the  water  always  present  in 
sulphuric  acid.  The  strongest  sulphuric  acid  is  never  employed,  but 
acid  of  at  most  144°  Tw.=78  or  80  per  cent.  S04Ha  and  22  to  20 
per  cent,  of  HjO.  The  common  salt  also  contains  more  or  less 
water.  The  water  is  mostly  not  given  off  in  the  first  stage  of  the 
operation  (that  is,  in  the  pan),  but  in  the  second  (the  calcining- 
furnace  or  roaster) ;  with  dilute  sulphuric  acid,  however,  a  good 
deal  of  water  must  already  be  driven  off  in  the  pan.  As  steam  on 
being  condensed  to  liquid  water  gives  out  a  good  deal  of  heat,  and 
as  cooling  is  just  one  of  the  principal  conditions  of  effectual  con- 
densation of  muriatic  acid,  the  latter  is  much  more  difScult  when 
dilute  sulphuric  acid  has  been  employed  for  decomposing  the 
salt. 

The  important  part  played  by  the  air  mixed  with  the  HCl  and 
the  steam  will  be  explained  hereafter. 
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At  present  we  need  only  remember  that,  along  with  the  prepa- 
ration of  sodium  sulphate,  the  condensation  of  hydrochloric  acid 
must  always  take  place;  in  most  cases,  though  not  in  all,  the 
condensed  muriatic  acid  can  be  sold^  or  used  by  the  manufacturer 
himself. 

If  hydrochloric  acid  is  the  principal  product,  a  different  style  of 
work  is  adopted — not,  however,  that  sometimes  mentioned,  of 
taking  more  than  1  SO4H2  to  2NaCl,  but,  inversely,  that  of  taking 
less  sulphuric  acid  than  required  by  theory.  In  the  former  case 
certainly  all  the  hydrochloric  acid  would  be  completely  expelled ; . 
but  it  would  be  contaminated  by  sulphuric  acid  escaping  at  the 
same  time.  In  the  second  case,  certainly,  a  little  common  salt 
remains  undecomposed ;  but  the  hydrochloric  acid  will  be  quite 
free  from  sulphuric  acid ;  and  as  probably  everywhere  sulphuric 
acid  is  by  far  the  dearest  of  the  two  ingredients,  an  excess  of  com- 
mon salt  will  be  employed  if  the  value  of  the  hydrochloric  acid'  is 
the  principal  thing  and  that  of  the  residue  of  (impure)  sodium 
sulphate  only  a  secondary  consideration.  This  is  the  case  in  all 
places  where,  owing  to  the  high  price  of  coals,  the  consumption  of 
sulphate  for  making  glass  or  alkali  is  excluded,  but  where  hydro- 
chloric acid  is  required  for  other  purposes,  whilst  its  transit  from 
the  centres  of  chemical  industry  is  extremely  dear,  making  its  local 
production  as  a  principal  matter  remunerative. 

The  raw  materials  of  the  manufacture  of  sulphate  are  the  follow- 
ing : — first,  sodium  chloride  with  more  or  less  of  impurities,  as 
common  salt  or  rock-salt;  secondly,  sulphuric  acid;  thirdly,  in 
many  cases  products  containing  partly  sulphate,  partly  either  free 
salt  or  free  acid  (residues  from  the  manufacture  of  muriatic  acid 
in  cylinders  and  from  that  of  nitric  acid,  the  pan-scale  of  salt-works 
&c.).  (The  ''  saltpetre-salt  '^  obtained  in  making  nitrate  of  potash 
from  potassium  chloride  and  nitrate  of  soda  is,  owing  to  a  percent- 
age of  0*5  of  saltpetre,  unfit  for  making  sulphate ;  it  strongly  acts 
upon  the  pans,  tools,  &c.,  and  the  hydrochloric  acid  contains  chlo- 
rine.) The  materials  mentioned  in  the  third  place  always  play  a 
secondary  part,  and  are  nearly  always  used  only  as  an  addition  to 
common  salt,  with  a  corresponding  change  in  the  addition  of  sul- 
phuric acid.  Thus  common  salt  and  sulphuric  acid  remain  as  the 
proper  raw  materials  for  the  sulphate-manufacture. 

I.  Common  salt.  It  is  not  indifferent  in  which  form  the  salt  is 
employed.     Most  suitable  for  sulphate  is  the  common  pan-salt. 
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especially  that  obtained  by  fishing  below  the  boiling-point  of  the 
brine,  which  is  of  coarse  grain,  not  the  fine  salt  obtained  by  evapo- 
ration at  a  boiling  heat,  called  "  butter-salt/'  Still  less  adapted 
for  sulphate-making  is  rock-salt ;  this  must  under  no  circumstances 
be  finely  ground,  but  only  crushed  to  a  coarse  powder.  The  reason 
is  that  the  salt  should  possess  some  porosity  in  order  to  dissolve 
readily  in  the  sulphuric  acid ;  this  most  easily  and  quickly  takes 
place  with  coarse-grained  pan-salt — its  loose,  rough  crystals  pre- 
senting a  large  surface  to  the  attack  of  the  acid,  and  spaces  for 
absorbing  it.  The  conditions  are  less  favourable  with  coarsely 
crushed  rock-salt,  which  equally  admits  the  acid  into  its  interstices, 
but  is  much  less  easily  quickly  dissolved,  owing  to  its  glass-like 
surface.  The  worst  case  is  that  of  finely  ground  rock-salt  or 
butter-salt.  Here  the  particles  of  salt  lie  so  closely  together  that 
the  acid  penetrates  into  them  with  difficulty ;  and,  in  spite  of  the 
much  larger  surface  actually  presented  by  the  salt  iu  this  form,  the 
attack  of  the  acid  is,  for  the  above  reason,  much  slower.  Only  by 
constant  stirring  can  this  drawback  be  met ;  and  it  can  never  be 
entirely  overcome.  The  salt  lies  dead  on  the  bottom  of  the  pan, 
cakes  together,  and  easily  causes  the  pan  to  crack.  This  fine- 
grained salt  also  obstinately  adheres  to  the  tools,  and  from  this 
cause  is  difficult  to  work. 

The  chemical  properties  of  the  salt  are  also  of  great  importance. 
Of  course  it  is  all  the  more  fit  for  sulphate-making  the  purer  it 
is — ^that  is,  freer  from  gypsum  (anhydrite),  magnesium  chloride, 
ferric  oxide,  clay,  &c.  In  this  respect  the  common  pan-salt  has  a 
considerable  advantage  over  rock-salt,  which  is  certainly  not  com- 
pensated by  its  larger  percentage  of  water ;  and  &om  this  cause 
the  British  works  are  already  a  good  deal  in  advance  of  most  of 
the  continental  works,  because  they  can  obtain  the  beautiful  white, 
pure  Cheshire  salt  at  a  price  below  that  of  rock-salt  everywhere 
except  close  to  the  mines,  whilst  its  value  for  sulphate-making  is 
much  greater  than  that  of  rock-salt.  The  calcium  sulphate  espe- 
cially, in  rock-salt  sometimes  amounting  to  8  per  cent.,  is  very 
troublesome,  because  it  gets  into  the  sulphate  and  produces  bad 
soda-ash.  Magnesium  chloride  and  calcium  chloride  consume 
sulphuric  acid  and  thus  cause  a  loss ;  but  they  occur  only  to  a 
slight  extent  in  all  kinds  of  salt.  Very  troublesome  are  ferric 
oxide  and  alumina,  even  in  sulphate  not  intended  for  glass-  but 
for  alkali-making ;  for  this  reason  the  Cheshire  rock-salt  is  never 
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employed  for  sulphate.  Water  has  not  to  be  reckoned  as  an  im 
parity ;  but  if  present  in  excess^  it  makes  the  condensation  mov 
difficult ;  and  it  is  disagreeable  also  because  the  salt  dries  in  tb 
warehouse^  and  consequently  the  proportion  of  acid  required  fa 
decomposing  it  has  constantly  to  be  determined  again. 

Sodium  chloride^  NaCl^  consists  of  23  Na  and  35*46  Cl^  or  Q 
39*34  per  cent.  Na  and  60*66  per  cent.  CI.  Its  hardness  is  2*5- 
its  spec.  grav.  2*1-2*257.  It  melts  at  a  low  red  heat — accordin| 
to  Camelly  (Joum.  Chem.  Soc.  1878,  ii.  p.  280)  at  772°  C. ;  at  i 
higher  temperature  it  is  volatilized.  It  crystallizes  in  cube^ 
below  —10°  C.  in  large  hexagonal  plates,  of  the  compositioi 
NaCl  +  4H20,  which  above  —10°  C.  quickly  fall  into  small  cubici| 
crystals  of  common  salt  and  a  saturated  solution  of  the  sam^ 
100  parts  of  water,  according  to  Poggiale,  at  0°  C.  dissolve  35*5^ 
at  109°'7  C.  40*35  parts  of  sodium  chloride.  In  spirit  of  wine  ii 
is  very  slightly  soluble. 

The  deposits  and  the  manufacture  of  salt  form  a  very  important 
chapter  in  chemical  technology,  which,  however,  is  beyond  th^ 
scope  of  this  treatise ;  we  shall  only  quote  the  analyses  of  som^ 
important  descriptions  of  salt  employed  in  alkali-manufacture^ 
(See  Table  opposite.) 

It  will  also  be  interesting  to  mention  the  prices  of  salt  in  different 
places.  According  to  Mactear  (Reports  &c.  p.  4) ,  the  price  of  salt  ii| 
Scotland  in  1798  was  about  £3  lOs.  per  ton,  to  which  £S  was  addedl 
for  duty ;  and  in  the  same  year  the  duty  was  raised  by  j£13,  so  tha| 
the  price  of  salt  rose  to  £19  10s.  In  1805  the  duty  in  Scotland! 
was  £12,  in  England  £30  per  ton  I  In  1829,  after  the  duty  ha^ 
been  taken  off,  the  price  of  salt  in  Scotland  was  only  22s.,  in  18691 
only  14tf.  6d,  per  ton.  At  Newcastle-on-Tyne  salt  bears  the  same 
or  a  slightly  higher  price,  as  it  comes  exclusively  from  Cheshire ; 
at  the  Lancashire  works  it  only  costs  about  6s.  to  8^.  per  ton. 

Bock-salt  at  Stassfurt  costs  about  Ss.  per  ton ;  but  railway-transit 
makes  it  much  dearer  for  the  chemical  works,  so  that  on  the  Rhine 
it  costs  15s.  to  16s.  Common  salt  costs  at  the  salt-works  in  Wiir- 
temberg  15s.,  in  Saxony  17^.  to  2Ss.  per  ton. 

II.  The  sulphtiric  acid  used  for  sulphate-making  is  always  the 
common  chamber-acid,  or  as  it  is  obtained  by  evaporation  in  lead 
pans  or  in  the  Glover  tower.  Such  of  its  impurities  as  usually 
occur  do  no  harm  in  the  manufacture  of  sulpihate ;  only,  for  the 
sulphate  destined  for  glass-making,  acid  containing  iron  should  be 
avoided.     The  arsenic  contained  in  the  sulphuric  acid  does  not 
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remain  with  the  sulphate^  but  passes  over  into  the  muriatic  add, 
and  certainly  in  this  may  sometimes  be  inconvenient.  Nitrogen 
compounds  and  lead  in  ordinary  vitriol  occur  in  too  small  quanti* 
ties  to  do  any  harm. 

Of  greater  importance  is  the  concentration  of  the  sulphuric  acid 
employed.  The  best  strength  is  from  140^  to  144°  Tw.  Stronger 
acid^  even  if  it  can  be  obtained  without  any  further  expense  (for 
instance^  by  a  Glover  tower),  is  not  good  for  the  process,  because 
the  hydrochloric  acid  is  given  6fff  too  vehemently  and  the  mass 
solidifies  too  quickly,  before  it  has  been  thoroughly  mixed  and 
decomposed.  The  drawback  df  too  great  concentration  is  certainly 
easily  remedied  by  adding  chamber-acid,  as  at  the  factories  work- 
ing with  a  Glover  tower  is  regularly  done.  But  the  opposite 
drawback  of  too  much  dilution  is  not  so  easily  avoided  in  the  ab- 
sence of  a  Glover  tower  and  if  it  is  too  expensive  to  concentrate 
in  lead  pans.  Certainly  no  expenditure  should  be  needed  for 
this,  as  the  chamber-acid  can  be  evaporated  up  to  144^  Tw.  on  the 
top  of  the  pyrites-burners.  But  before  this  was  well  known,  at 
many  works,  to  avoid  the  expense  of  concentration  by  separate 
fiiel,  the  chamber-acid  was  taken  directly  for  the  decomposing. 
So  long  as  its  strength  is  not  below  128^,  or,  at  least,  124°  Tw.,  no 
great  harm  is  done ;  only  the  work  is  slower  and  the  condensed 
muriatic  acid  rather  weaker.  But  those  manufacturers  who  do  not 
get  the  chamber-acid  up  to  at  least  124°  Tw.,  ought  not  to  shirk 
the  expense  of  concentration,  even  if  they  possess  no  pans  on  the 
homers  or  no  Glover  tower ;  for  weaker  acid  not  only  retards  the 
operation  very  much,  makes  thd  condensation  more  difficult,  and 
yields  weaker  muriatic  acid,  but  it  also  causes  great  wear  and  tear 
of  the  decomposing-pans.  This  case  easily  occurs  in  starting 
works  before  the  apparatus  are  in  proper  working  order ;  for  days 
or  even  for  wediLS  they  must  sometimes  work  with  acid  of,  say, 
106°  Tw. ;  but  such  a  proceeding  is  generally  paid  for  by  a  quick 
destruction  of  the  decomposing-pans. 

Apparatus  fw  manufacturing  Sulphate  of  Soda  and  Muriatic  Add, 

Although  in  some  cases  the  manufacture  of  sulphate  is  the 
secondary,  and  that  of  hydrochloric  acid  the  primary  object,  we 
shaU  here  describe  all  the  apparatus  for  both  purposes. 

1.  Manufacture  in  glass  retorts. — ^This  only  takes  place  in  a  few 
localities,  where  glass  is  cheap  and  muriatic  acid  very  dear ;  for 
only  in  the  latter  case  are  glass  retorts  used.    This  process  has  the 
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advantage  of  supplying  muriatic  acid  quite  free  from  iron.     Figs, 
9  &  10  (from  Payen'a  'Precis/  i.  p.  415}  show  this  airangement. 


i 


The  fire  from  A  passes  through  the  flue  W  and  the  holes  B,  sur- 
rounds the  retorts  C,  the  necks  of  which  either  (as  at  C)  enter  directljr 
into  glass  receivers,  or  (as  shown  at  D)  first  into  a  tubulated  glass 
ball,  from  which  the  acid  flows  into  the  Woulfe's  bottles  E  E 
(osually  three),  in  which  the  vapours  are  completely  condensed. 
Here  the  acid  is  also  separated  according  to  its  degree  of  purity : 
the  first  bottle  does  not  receive  any  water;  and  this  contains  the 
more  impure  acid ;  the  second  and  third  are  chatted  with  water, 
and  contain  purer  acid.     The  salt  is  filled  into  the  retorts,  after 
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their  necks  hare  been  turned  upwards ;  then  thej  are  turned  side- 
Tays ;  and  C"  shows  how  the  sulphuric  acid  is  poured  in  by  means 
of  a  funnel  continued  into  a  long  bent  tube;  the  receivers  are  put 
on  at  once,  having  been  charged  with  six  equivalents  of  water  for 
each  equivalent  of  common  salt,  and  the  fire  is  lighted. 

The  srraDgement  shown  in  the  diaframs  contains  four  retorts  in 
each  Aimace,  and  has  two  furnaces  leading  into  a  common  flue  with 
a  short  partition- wall  for  keeping  off  false  draughts.  Each  of  the 
retorts  is  protected  from  the  direct  action  of  the  fire  by  a  loose 
brick  wall  which  is  taken  away  after  each  operation.  In  Germany, 
when  this  style  of  work  was  still  carried  on,  galley  furnaces,  aa 
shown  in  fig.  11,  were  preferred,  in  which  the  retorts  were  heated 

Fig.  11. 


in  sand-baths  or  over  the  free  fire,  but  in  this  case  protected  by  a 
coating  of  clay. 

Since  on  employing  the  same  number  of  equivalents  of  salt  and 
of  sulphuric  acid  a  difficultly  fusible  residue  of  neutral  sulphate 
remains  in  the  retorts,  which  causes  them  to  crack  on  cooling, 
there  must  be  much  more  sulphuric  acid  (about  three  times  the 
equivalent  of  the  salt)  put  into  the  retorts,  if  they  are  to  be  used 
several  times;  the  contents  are  then  poured  out  in  the  liquid 
state.  In  this  case  there  Ib  great  danger  of  getting  an  acid  very 
much  contaminated  with  sulphuric  acid.  When  the  process  was 
actnally  in  use,  the  retorts  were  mostly  broken  in  order  to  obtain 
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the  sulphate^  and  the  broken  glass  melted  up  and  worked  into 
retorts  in  neighbouring  glass-works. 

2.  Manufactuare  in  cast-iron  retorts  (cylinders) . — This  also  only 
takes  place  where  muriatic  acid  is  the  principal  product ;  it  admits 
of  a  considerably  larger  scale  of  working  than  glass  retorts. 
Figs.  12  to  18  show  such  an  arrangement^  also  from  Payen^s 
'  Pr&is.'  Two  cylinders  A  A  lie  in  a  furnace^  of  which  usually  a 
larger  number  are  placed  side  by  side.  B  is  the  fireplace^  C  the 
partition- wall  between^  D  the  fire-arch ;  e  e  the  escape-holes  leading 
to  the  flues  /  and  jT  which  open  into  a  chimney  common  to  all  the 
furnaces.  The  back  end  of  the  cylinders  is  either  closed  by  a  cast- 
metal  plate  or  by  a  wall  of  bricks  with  very  narrow  joints,  set  in 
mortar  of  1  part  of  plastic  clay  and  1  part  of  burnt  fireclay.  [This 
latter  arrangement  will  certaintly  not  stand  the  action  of  the  melt- 
ing mass ;  a  round  flag  of  stone  or  of  stoneware  in  one  piece  is 
undoubtedly  preferable.]  This  end  of  the  retort  contams  a  stone- 
ware pipe  a ;  on  this  is  put  a  stoneware  junction  ^j  and  this  leads 
to  the  receivers  I.  The  joints  are  plastered  either  with  clay  or  with 
gypsum.  The  receivers  are  singly  connected  with  a  second  row  of 
receivers  by  the  pipes  K ;  the  second  row  communicates  by  the 
pipes  L  L ;  at  the  end  of  the  row  there  is  a  junction-pipe  1/  for  a 
third  row  of  receivers,  connected  with  a  fourth  row  by  the  pipes 
L"  L"  j  a  fifth  and  a  sixth  row  (M  N,  O  P)  ultimate^  Jead  to  the 
chimney  H.  This  connexion,  however,  is  bad;  in  the  case  of 
cylinders  ihere  is  no  necessity  of  producing  an  artificial  draught  in 
the  apparatus,  by  which  a  large  quantity  of  acid  is  carried  away 
without  condensation  and  creates  a  nuisance  in  the  neighbourhood. 
The  receivers  should  and  must  condense  the  acid  gas  so  far  that 
the  gas  can  issue  freely  out  of  the  last  of  them ;  otherwise  no 
chimney,  but  a  coke-tower,  must  be  employed  (see  later  on) . 

The  front  end  of  the  cylinders  is  closed  for  each  operation  by  a 
•cast-iron  cover  with  handle  P,  a  little  day  making  the  joint  tight; 
an  opening  B,  2^  inches  wide,  receives  the  funnel  tube  S  for  pour- 
ing in  the  add,  and  is  afterwards  closed  by  a  plug  S'. 

The  operation  is  carried  on  as  follows.  The  first  row  of  receivers 
is  left  empty,  the  others  are  half  filled  with  water ;  the  empty  row 
receives  the  acid  contaminated  by  sulphuric  add  and  sulphate 
carried  over  mechanically.  The  cylinders,  which  are  2  ft.  2  in.  in 
diameter  and  6  ft.  6  in.  long,  are  charged  with  160  kil.  of  salt,  the 
cover  is  put  on  and  luted ;  128  kil.  sulphuric  add  of  144^  Tw.  is 
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Fig.  14. 


Fig.  16.  F\g.  17.  Tig.  18. 


^ 
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passed  in  through  the  funnel  [this  is  considerably  less  than  an 
equivalent  of  salt],  the  funnel  taken  out,  the  stopper  put  in.  The 
reaction  commences  at  once,  and  is  assisted  by  a  small,  gradually 
increasing  fire.  The  metal  cylinders  can  easily  be  heated  suffi- 
ciently for  the  conversion  of  the  common  salt  into  neutral  sulphate ; 
and  therefore  no  more  than  an  equivalent  of  sulphuric  acid  is  em- 
ployed, usually  even  less,  because  it  is  dearer  than  the  salt  and  its 
loss  of  more  consequence.  The  more  dilute  tlie  sulphuric  acid  the 
more  it  acts  upon  the  iron ;  and  therefore  it  ought  never  to  be 
below  152°  Tw. ;  it  will  then  evolve  a  good  deal  of  muriatic  acid 
while  still  cold,  and  the  fire  need  only  be  applied  later  on. 

The  muriatic  acid  given  oflf  is  condensed  in  Woulfe's  bottles ; 
according  to  the  diagram,  each  of  them  has  a  tap,  T,  of  its  own ; 
but  this  is  not  necessary,  and  it  has  become  quite  usual  to  connect 
the  bottles  with  one  another  by  elastic  tubes  or,  still  better,  by 
overflow-pipes  taking  the  acid  from  the  bottom  of  one  bottle  to 
the  middle  of  the  next  one,  as  we  shall  see  hereafter. 

In  any  case  the  gas  travels  in  the  direction  K  L  L'  L"  M  N  O — 
that  is,  from  the  cylinders  towards  the  chimney,  whilst  the  water 
travels  in  the  opposite  direction,  1,  2,  3,  4 ;  so  that  fresh  water 
meets  the  gas  almost  free  from  acid,  and  the  weak  acid  formed  in 
this  way  is  concentrated  in  the  first  rows  of  receivers  by  stronger 
gas.  Altogether  about  200  to  208  kil.  of  muriatic  acid  with  about 
40  per  cent,  [?]  of  dry  HCl,  showing  21°  to  22°  Baum6,  are  said 
to  be  obtained. 

The  completion  of  the  operation  is  known  by  tlie  fact  of  the  gas- 
pipe  becoming  cold ;  the  firing  is  then  stopped,  and  the  froDt  cover 
is  taken  off  by  means  of  a  hook  put  through  the  opening  B. 
[There  ought  to  be  in  any  case,  though  Payen  does  not  mention 
it,  a  set  of  pulleys,  or  at  least  a  pulley  provided  with  a  chain  and 
hook  in  such  a  way  that  it  easily  travels. in  front  of  each  retort.] 
Then  the  cake  of  sulphate,  weighing  180  to  184  kil.,  is  raked  out 
in  one  or  two  pieces.  This  is  never  pure  sulphate,  but  either  con- 
tains bisulphate,  or,  where  the  muriatic  acid  is  the  main  thing, 
nndecomposed  salt ;  it  can  only  be  used  for  very  common  bottle- 
glass,  and  is  therefore  mostly  worked  up  in  alkali-works  to  good 
sulphate.     It  is  usually  called  '^  cylinder-cake.'' 

In  France  the  cylinder  furnaces  seem  to  have  been  given  up 
some  time  ago  (comp.E.  Kopp, in  Wurtz's  ^Diction,  de  Chimie,'  ii. 
p.  1567) ;  but  in  London  and  several  other  places  they  existed  up  to 
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the  most  recent  time^  in  order  to  snpply  a  local  demand  for  muri- 
atic acid.  In  many  cases^  however^  the  cylinders  have  been  aban- 
doned even  where  originally  the  muriatic  acid  was  the  chief  product^ 
and  the  less  expensive  plan  of  decomposing-pans  has  been  adopted ; 
the  sulphate  made  in  these^  being  a  solid  substance^  can  be  sent  to 
comparatively  great  distances;  and  any  excess  of  muriatic  acid 
over  that  saleable  in  the  neighbourhood^  such  as  is  generally  ob- 
tained on  introducing  the  newer  mode  of  manufacturings  can  also 
be  brought  into  a  solid  and  saleable  shape  as  bleaching-powder. 

3.  Manufacture  in  furnaces, — ^This  is  the  only  style  in  which 
sulphate  has  always  been  made  on  a  large  scale^  where  it  is  the 
principal  product  and  muriatic  acid  only  a  by-product,  often  a  very 
troublesome  one. 

The  sulphate-furnaces,  diflFerently  from  the  apparatus  of  glass  or 
iron  retorts  described  hitherto,  always  consist  of  two  parts  (leaving 
aside  just  now  the  mechanical  furnace  of  Jones  and  Walsh),  viz, : — 
one,  consisting  of  cast  iron  or  lead,  in  which  the  first  stage  of  de- 
composition takes  place  at  a  lower  temperature — ^the  decomposing^ 
pan  or  pot ;  and  another,  consisting  of  brickwork,  in  which  the 
decomposition  is  completed  at  a  higher  temperature — the  roaster 
or  drier.  Formerly,  to  be  sure,  the  whole  operation  was  sometimes 
carried  out  from  beginning  to  end  on  the  dished  hearth  of  an  open 
roaster,  all  hydrochloric  acid  escaping  into  the  chimney  along  with 
the  fire-gas ;  but  this  barbarous  style  of  manufacture  will  not  be 
described  here  at  all.  The  pa^  in  all  cases  is  heated  from  the 
outside,  although  in  some  cases  a  further  heating  from  the  top  is 
added ;  the  furnace^  however,  is  either  an  ordinary  reverberatoiy 
furnace  or  open  roaster,  or  it  is  heated  partly  by  the  direct  flame 
and  partly  indirectly  through  the  bottom  (gas  furnaces),  or  entirely 
by  indirect  heat  (muffle  furnaces  or  blind  roasters). 

The  principal  matters  to  be  attended  to  in  constructing  a  furnace 
are  the  following  : —  - 

(1)  The  condensation  of  hydrochloric  add. — ^The  construction  of 
the  decomposing-apparatus  varies  a^ording  to  whether  the  hydro- 
chloric acid  has  to  be  more  or  less  completely  condensed,  or,  as 
now  a  practically  complete  condensation  is  always  aimed  at  and 
possible,  whether  the  object  is  that  of  obtaining  the  strongest  acid 
for  sale,  or  moderately  strong  acid  for  own  use,  or  only  weak  acid 
for  running  away.  Only  in  the  last  case,  where  nothing  but  very 
weak  acid  need  be  got,  can  pans  worked  by  an  open  fire  be  em- 
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ployed;  where  acid  is  to  be  made  for  own  use,  the  calciner  maybe 
either  a  close  or  an  open  roaster ;  but  where  sale-acid  has  to  be 
made,  close  roasters  are  nearly  always  preferred.  The  reason  of 
this  difference  is  quite  obvious^  viz,  that  the  muriatic  acid  can  be 
made  all  the  stronger  in  the  condeusiDg-apparatus,  the  less  it  is 
mixed  with  air  and  fire-gas. 

(2)  Thtming  out  large  quantities,  with  the  largest  possible  saving 
of  time  and  wages.  In  smaller  works  contrivances  may  be  used 
which  are  out  of  place  in  large  works,  where  very  large  quantities 
have  to  be  turned  out,  and  inversely.  Thus,  for  instance,  more 
work  can  be  done  with  open  roasters  than  with  close  ones,  and  most 
of  all  with  furnaces  where  the  pans  are  equally  heated  from  above 
by  the  open  flame,  though  in  the  latter  case  only  weak  acid  can  be 
obtained.  The  heating  of  the  pan  by  the  waste  heat  of  the  roaster 
is  also^  at  least  in  England,  principally  confined  to  smaller  works ; 
in  larger  ones  this  is  not  generally  done,  because  it  makes  one  part 
of  the  apparatus  dependent  upon  the  other,  so  that  they  must  fre- 
quently wait  for  one  another,  and  nothing  like  as  much  work  can 
be  turned  out  in  the  same  time  as  with  separate.fires.  The  extent  of 
production,  of  course,  must  also  determine  the  size  of  the  furnaces 
and  pans  and  even  the  material  of  the  latter ;  in  cast-iron  pans 
much  more  work  can  be  done  than  in  lead  pans,  because  they  can 
be  used  much  more  roughly  and  fired  more  intensely.  The  largest 
production  is  possible  in  the  mechanical  furnaces. 

(3)  7%e  consumption  of  fuel, — ^Where  fuel  is  dear  and  wages  low, 
opposite  considerations  prevail  to  those  stated  just  now  for  large 
production.  The  furnaces  are  then  constructed  so  as  to  consume 
as  little  fuel  as  possible;  the  pan  is  always  heated  by  the  waste  fire 
of  the  roaster,  sometimes  even  both  by  the  waste  heat  of  a  black- 
ash  furnace,  but  with  this  result,  that  much  less  work  can  be  done 
in  a  furnace  during  a  given  time. 

(4)  The  purity  of  the  sulphate. — ^Where  the  object  is  that  of 
making  sulphate  for  glass-works,  as  free  from  iron  as  possible,  lead 
pans  are  even  now  used,  as  prescribed  by  Leblanc.  Thus  in  Belgium, 
for  instance,  sulphate  is  made  containing  only  0'007  per  cent,  of 
iron.  Where,  however,  the  purity  of  the  sulphate  is  material,  as 
for  alkali-making,  lead  pans  have  been  almost  everywhere  sup- 
planted by  cast-iron  ones,  first  introduced  in  the  year  1839,  when 
J.  C.  Gamble  took  out  a  patent  for  them  in  lieu  of  the  lead  or  brick 
pans,  described  on  p.  38,  whilst  H.  Lee,  at  Felling-on-Tyne,  had  at 
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the  same  time  made  the  same  inTeDtion.  The  lead  pans  are  usually 
oblong,  with  a  slanting  side  for  pulling  out  the  sulphate ;  tbe  metal 
pans  sometimes,  but  rarely,  have  the  same  sbape ;  they  are  nearly 
always  shallow  dishes  in  the  shape  of  a  segment  of  a  sphere,  cast 
very  thick ;  they  will  be  described  in  detail  further  on. 

Tftf  oldest  sulphate-furnaces  with  open  roasters  were  those  con- 
stmcted  by  Leblauc  and  known  in  France  as  bastrinffoes.    They 
are  represented  in  figs.  19  &  20,  and  consist  of  the  following  parts, 
Fig.m 


A  fireplace,  A,  is  heated  by  coals  or,  better,  by  coke;  the  flame 
travels  over  the  bridge  h  into  the  furnace  B,  the  bottom  of  which 
consists  of  very  hard  and  closely  placed  fire-bricks  on  edge.  Some- 
times also  siliceous  stones  are  used  for  this,  which  do  not  wear  away 
so  quickly.  This  furnace,  the  calcine,  serves  for  the  second  stage 
of  the  operation.  A  cast-iron  damper,  e,  with  a  cast-on  flange, 
whose  turned-down  edge  dips  into  a  fitter  filled  with  sand, 
permits  the  opening  or  shutting  ofl'  communication  between  the 
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gangway  e  of  the  calciner  B  and  the  pan-furnace  or  cmette  E. 
The  bottom  of  the  latter  is  made  of  hard  sandstone  or  very  thick 
lead,  in  the  form  of  a  shallow  dish,  resting  upon  a  strong  metal 
{date,  or  latterly  altogether  of  cast  iron,  but  always  of  rectangular 
shape  and  not  very  deep.  It  is  covered  by  an  arch  pierced  by  one 
or  two  stoneware  pipes,  g,  for  carrying  off  the  hydrochloric  acid 
gas ;  the  condensation  of  the  latter  in  the  Woulfe'a  bottles  h  h  will 
be  described  in  a  subsequent  chapter.  The  dish  is  heated  from 
below  by  the  fire-gas  from  A,  which  has  already  passed  through  B 
and  charged  itself  there  with  acid  vapours ;  they  descend  in  two 
outlets,  d  d,  at  each  side  of  the  gangway  e*,  travel  backwards  and 
forwards  below  the  pan  in  the  flues  d',  d",  and  rf™,  and  then  through 
the  underground  flues  d*  to  the  condeusing-bottlea  i  t,  which  com- 
municate with  a  good  chimney.  Upon  the  top  of  the  calciner  B, 
or  in  some  other  suitable  place,  there  is  a  lead  pan  P  for  heating 
the  sulphuric  acid  serving  for  the  decomposition  of  the  salt. 

The  salt  (according  to  Payen  250  kil.  for  each  charge)  is  put  in, 
as  dry  as  possible,  through  the  door  K  of  the  pan-furnace  E,  or  pre- 
ferably through  a  hopper  provided  with  a  damper  set  in  the  furnace- 
roof.  There  are  often  special  contrivances  for  safely  closing  the 
door  K.     Figs.  21  &  32  represent  one  of  these,  in  plan  and  in  ele- 

Fig.21. 


vation.  The  plate  b  is  tightened  by  turning  the  screw  d  in  the 
bow  c,  resting  in  the  wall-fixed  hooks  e  e.  Then,  by  means  of  a 
bent  funnel,  the  necessary  sulphuric  acid  is  run  in  from  a  measuring- 
vessel.  According  to  Payen,  for  250  kil.  salt  (theoretically  requiring 
269  kil.  vitriol  of  144°  Tw.),  300  kil.  (=  167  litres)  of  vitriol  are  to 
be  used,  because  towards  the  end  of  the  operation  sulphuric  acid  is 
volatilized.  These  proportions,  if  actually  carried  out,  are  very  faulty. 
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Such  an  excess  of  vitriol  is  quite  unnecessary^  if  the  contents  of  E 
and  fi  are  carefully  turned  over ;  and  it  occasions  a  longer  dura- 
tion of  tlie  operation^  together  with  much  contamination  of  the 
hydrochloric  acid.  In  Belgium^  according  to  the  official  report  of 
1855,  to  300  kil.  salt  325  acid  of  144°  Tw.  were  taken  ;  or  351  kil. 
salt  for  380  to  390  acid,  or  400  salt  for  440  to  460  kil.  acid,  which 
is  far  too  much.  According  to  Kerl-Stohmann^s '  Chemie '  (v.  p.  266), 
in  24  hours  4  charges  are  made,  consisting  of  250  kil.  salt  and  225 
kil.  vitriol  of  144°  Tw. ;  the  latter  agrees  with  the  proportions  em- 
ployed at  most  large  works,  and  seems  to  be  correct,  whilst  the 
statements  of  Kopp  and  of  the  Belgian  official  report  are  either 
incorrect  or  prove  very  bad  work. 

Acid  and  salt  are  well  mixed  up  together  by  means  of  iron  rakes  ; 
then  the  door  K  is  closed  and  luted.  The  reaction  at  once  sets  in, 
and  is  assisted  by  the  indirect  heat  of  the  gas  generated  on  calcining 
the  preceding  charge  in  the  furnace  B.  Streams  of  almost  pure 
hydrochloric  acid  escape,  whose  condensation  in  the  two  series  of 
receivers  A'  is  consequently  very  easy ;  often  the  mass  swells  so  as 
to  rise  above  the  edge  of  the  pan  and  up  to  the  door.  In  England 
(where  only  cast-iron  decomposing-pans  are  employed,  no  leaden, 
ones)  about  ^  ounce  of  tallow  or  some  cheaper  grease  is  regularly 
put  into  the  pan,  to  prevent  boiling  over ;  the  grease  is  thrown  in 
after  the  whole  of  the  charge  has  been  put  in  and  well  mixed  up, 
just  before  the  working-door  is  closed.  The  reaction  gradually 
decreases ;  and  when  from  two  thirds  up  to  three  fourths  of  the 
gas  has  escaped,  the  mass  assumes  the  consistency  of  a  thick  dough. 
Now  the  firing  ceases  for  a  time,  the  damper,  e,  is  opened,  and  the 
half -finished  mass  is  conveyed  through  d  into  B,  which  in  the 
meantime  must  have  been  emptied,  by  means  of  a  large  dished 
shovel.  During  this  time  it  is  difficult  to  avoid  an  escape  of  gas 
out  of  the  working-door  j  a  draught- hood  over  this  is  consequently 
advisable.  Then  the  damper  is  lowered  again,  E  is  charged  again 
with  salt  and  acid,  and  the  firing  in  A  is  at  once  recommenced. 
Now  the  decomposition  is  finished  in  B,  by  spreading  the  mass  as 
evenly  as  possible  on  the  hearth,  where  by  the  direct  effect  of  the 
fire  it  soon  passes  from  the  dough-like  condition  into  a  dry,  friable 
state.  All  the  larger  pieces  are  broken  up  and  crushed  down  j  and 
the  mass  is  turned  over  thoroughly,  so  as  to  mix  the  bisulphate  with 
the  unattacked  common  salt  and  to  induce  a  mutual  reaction.  The 
work  is  continued  at  a  good  red  heat,  hydrochloric  acid  escaping  along 
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with  a  little  sulphuric  acid  and  being  carried  away  by  the  fire-gas. 
The  operation  is  considered  finished  when  only  one  or  two  per  cent, 
of  tree  acid  are  left  in  the  mass  and  it  has  become  red-hot  all  over ; 
then  a  plate^  c,  in  the  middle  of  the  furnace  is  taken  away^  and  the 
charge  pulled  down  into  the  arched  space  C  by  means  of  a  rake. 
This  arch  is  accessible  by  a  door  from  the  front  of  the  furnace ; 
here  the  sulphate  is  cooled^  and  is  only  withdrawn  just  before 
finishing  the  next  charge. 

The  duration  of  an  operation  varies  a  good  deal.  The  stuff  must 
not  stop  too  long  time  in  the  pan^  lest  this  should  melt ;  but  other- 
wise very  good  sulphate  can  be  obtained^  almost  free  from  iron  and 
containing  very  little  undecom  posed  salt^  aud  consequently  well 
adapted  for  making  white  glass^  window-glass^  and  even  plate  glass. 
According  to  Kopp  (vickWurtz,  /.  c.)  a  charge  of  100  to  250  kil.  of 
salt  (2  to  5  cwt.)  takes  from  1^  to  3  hours ;  but  according  to  the 
Belgian  report  (which  in  this  respect  is  certainly  trustworthy)  the 
time  is  6  to  8  hours  in  the  pan,  and  3  to  4  hours  in  the  roaster ; 
and  this  agrees  with  information  personally  collected  from  various 
sources  by  the  author. 

Kerl-Stohmann's  '  Chemie  ^  gives  the  following  details  as  the 
most  suitable  dimensions  of  a  furnace  decomposing  250  kil.  of  salt 
with  225  kil.  of  vitriol  of  144°  Tw.  every  six  hours : — 

Length  of  the  fire-grate  (consisting  of  six  grate-bars)  4  ft.  3^  in.^ 
width  1  ft.  9^  in.j  firing-hole  in  front  of  the  fireplace — length 
3  A;.  6  in.,  width  at  the  grate  1  ft.  11  in.,  at  the  outer  furnace-wall 
2  it.  4  in. ;  fire-bridge  same  length  as  the  grate,  8  in.  wide,  7^  in. 
high ;  length  of  the  roaster-bed  8  ft.  3  in.,  greatest  width  7  ft.  6  in. 
to  8  ft.  3  in.  The  arch  rests  on  a  wall  12^  in.  above  the  bed,  and 
in  its  highest  point  rises  to  1  ft.  9^  in.  above  the  same.  The  flues 
dd  are  1  ft.  3^  in.  square.  The  wall  separating  the  roaster  from 
the  pan-arch  is  10^  in.  thick ;  it  projects  4  in.  below  the  cast-iron 
plate,  in  order  to  support  this*  The  arch  of  the  roaster  is  dome- 
shaped,  that  of  the  pan  barrel-shaped.  The  metal  plates  upon 
which  the  lead  pan  rests  are  1;^  in.  thick.  The  pan  is  6  ft.  6^  in. 
long,  4  ft.  3  in.  wide,  12^  in.  high;  the  lead  is  1;^  in.  thick.  The 
two  stoneware  pipes  for  carrying  away  the  acid  vapours  are  each 
9^  in.  wide  inside.  The  firing  is  done  with  coals,  of  which  daily 
about  15  bushels  are  consumed. 

This  apparatus  has  undergone  many  modifications.  Thus  Euhl- 
maim  (comp.  Payen,  p.  420)  has  the  pan  fixed  just  over  the  roaster. 
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80  that  the  charge  can  be  dropped  directly  into  the  latter.  In  other 
cases  the  pan^  along  with  the  tank  for  the  sulphuric  acid^  is  heated 
by  a  separate  fire ;  and  in  this  case  less  coke  is  used  for  the  roaster ; 
the  latter  is  made  correspondingly  longer,  in  order  to  utilize  the 
heat ;  and  the  gas  is  in  this  case  not  carried  underneath  the  pan, 
which  has  its  own  fire,  but  straight  into  the  condensing-apparatus. 

In  other  cases  the  gas  from  the  pan  is  allowed  to  mix  with  the 
fire-gas  of  the  roaster,  carrying  the  acid  vapours  from  the  same ; 
then  of  course  only  one  condensing-apparatus  is  provided,  and 
strong  acid  cannot  very  well  be  made. 

Often  two  pans  are  arranged  for  one  roaster,  because  the  work  in 
these  takes  longer.  Such  a  furnace  is  represented  in  figs.  23  to  26 
on  a  scale  of  1  to  50,  according  to  the  Belgian  Report  of  1855. 
I^'ig.  23  shows  a  sectional  elevation  on  the  line  O  P,  and  fig.  24 
another  on  the  line  R  S  of  the  plan  fig.  25 ;  fig.  26  is  a  sectional 
elevation  on  the  line  T  U.  A  is  the  roaster ;  B  B'  are  the  pans  ; 
a,  the  fireplace.  The  doors  o  (/,  opposite  to  each  other,  serve  for 
charging  the  pans  and  pushing  the  mass  into  the  roaster  through 
k  k,  after  pulling  up  the  dampers  I  If.  E  E  are  stoneware  pipes  for 
taking  away  the  gas.  The  flame  of  the  fireplace  travels  over  the 
bed  of  the  roaster.  A,  then,  in  two  lateral  flues  underneath  the  pans, 
round  the  middle  wall  e,  and  through  two  other  flues  into  the 
chimney,  as  shown  by  the  arrows.  Here  also  there  are  dampers, 
/,  for  regulating  the  draught.  Near  the  door  of  the  roaster  (this 
is  much  better  than  in  the  centre,  as  shown  in  the  drawing)  there 
is  an  opening  n,  through  which  the  flnished  mass  is  dropped  into 
the  cave  C,  where  it  cools.  Each  pan  receives  300  kil.  salt  and 
330  kil.  acid  of  144°  Tw.,  which  remain  there  6  to  8  hours,  so  that 
the  roaster,  which  only  requires  3  to  4  hours,  and  is  charged  in 
turns  &om  each  of  the  two  pans,  does  double  the  above-mentioned 
work.  By  means  of  the  flues  d  cP  and  the  dampers  m  rnf  the  flame 
of  the  roaster  can  be  directed  at  will  over  either  of  the  pans,  or 
over  both  at  a  time.  The  rule  is,  when  one  pan  is  being  charged 
and  the  other  one  is  half  forked  off,  to  direct  the  whole  heat  of 
the  roaster  to  the  latter ;  but  when  the  charging  is  finished,  the 
fire-damper  leading  to  it  is  opened  a  little. 

Lastly,  at  present,  everywhere  in  Belgium  is  found  the  muffle  or 
'^  blind  roaster,''  mostly  also  with  double  lead  pans.  The  furnace 
employed  in  1855  at  the  Floreffe  works  has  been  described  and 
figured  in  the  Belgian  Report,  and  from  this  has  passed  into  several 
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Eg.  28. 


treatises.  Instead  of  that,  a  more  recent  constraction  is  actually  at 
work  in  Belgium,  here  represented  in  one  sectional  elevation  and 
two  sectional  plana  (figa.  37  to  29).  A  is  the  fireplace,  B  the  muffle ; 
the  flame  passes  Ijetween  the  muffle-arch  a  and  the  top  arch  h,  which 
is  made  double,  and  contains  an  air-space  c  to  lessen  radiation. 
The  air-channels  dd,  opening  outside,  serve  for  cooling  and  pro- 
tecting the  respective  parts  of  the  furnace.  The  flame  descends  in 
the  flues  e  e,  and  passes  through  //  underneath  the  bottom,  g,  of 
the  muffle;  the  latter  is  made  specially  strong  near  the  fire  end, 
on  account  of  the  danger  of  fluxing,  and  also  at  the  back  end.  The 
openings  h  h  serve  for  cleaning  out  the  Hues,  and  are  usually  closed. 
From  the  bottom  of  the  muffle  the  fire  either  passes  through  t 
directly  to  the  chimney,  or  first  underneath  the  lead  pans  C  C,  the 
dampers  k  k  permitting  precise  regulation.  The  plan  fig.  28 
shows  very  well  how  the  pans  are  supported  from  below.  The  pans 
are  |  in.  thick,  and  stand  on  cast-iron  plates,  preferably  double 
ones  with  2  in.  air-space  between,  to  prevent  the  lead  melting. 
Small  holes  can  be  repaired  in  the  furnace  itself;  and  one  pan 
may  be  working  while  the  other  one  is  under  repair.  The  air- 
channel  I  serves  for  cooling.  The  side  of  the  pan  next  to  the 
furnace  slants  upwards,  so  as  to  facilitate  pushing  the  charge 
through  the  gangway,  m,  into  the  roaster,  B.  The  damper  n  is 
usually  shut,  as  the  muffle-gas  is  strong  enough  to  admit  of  being 
mixed  with  the  paD.^as ;  but  if  muriatic  acid  free  from  sulphuric 
acid  faaa  to  be  made,  the  pan-gas  must  be  separated  ftova.  the 
roaster-gas  by  the  damper  n.      The  finished  sulphate  is  drawn 
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&om  the  working-doors  o  o  into  boxes^  in  which  it  is  wheeled 
away  to  the  warehouses. 

This  furnace  can  put  out  as  much  as  5  tons  of  sulphate  in  24 
hours.  Its  exact  dimensions  are : — total  length  39  ft. ;  outside 
width  of  the  roaster  11  ft.  2  in.,  of  the  pan-furnaces  16  ft.  5  in. ; 
grate  2  ft.  7^  in.  wide,  5  ft.  11  in.  long ;  height  of  the  firebridge 
above  the  grates  5  ft.  11  in.;  thickness  of  the  side  walls  of  the 
fireplace  2  ft.,  air-channels  4  in.  wide;  depth  of  the  flue  on  the 
top  of  the  muffle  12  in. ;  thickness  of  the  upper  arch  1  ft.  7^  in. 
(inclusive  of  a  5-in.  air-course  in  the  middle),  of  the  muffle-arch 

4  in.,  with  a  few  strengthening  ribs  as  shown  in  the  diagram; 
thickness  of  the  muffle-bottom  3  in.,  but  in  front  and  in  the  back 
8  in. ;  inside  length  of  the  muffle  19  ft.  6  in.,  width  7  ft.  10^  in., 
up  to  the  working-doors  9  ft.  2  in. ;  height  up  to  the  spring  of  the 
arch  8i  in.,  up  to  its  crown  1  ft.  10  in. ;  gangway  between  the 
muffle  and  the  pans  1  ft.  9  in.  high,  1  ft.  4  in.  wide ;  flue  under- 
neath the  muffle  2  ft.  3^  in.  in  the  middle ;  flues  underneath  the 
pans  1  ft.  7i  in.  high ;  communication  between  the  flue  underneath 
the  muffle  and  those  underneath  the  pans  1  ft.  7^  in.  square;  pans 
}  in.  thick,  7  ft.  lOJ  in.  long  at  the  bottom,  9  ft.  2  in.  at  the  top, 

5  ft.  1 1  in.  wide,  1  ft.  5  in.  deep. 

The  employment  of  a  blind  roaster  is  not  at  all  indispensable  for 
obtaining  sulphate  sufficiently  pure  for  glass-making,  especially 
with  a  deep  fireplace  as  here  designed  and  with  moderate  draught; 
it  has  been  made  compulsory  in  Belgium  merely  for  the  better  con- 
densation of  the  muriatic  acid.  We  shall  see  below  what  rules  have 
to  be  observed  in  this  respect  in  the  construction  of  blind  roasters. 

Much  more  widely  used  thian  the  sulphate-furnaces  with  lead 
pans  are  those  with  iron  pans,  now  employed  wherever  salt-cake  is 
made  for  the  manufacture  of  alkali.  According  to  Henry  Deacon 
(Chem.  News,  xxiii.  p.  160),  the  first  inventor  of  the  present 
decomposing-pans  was  J.  C.  Gamble,  who,  on  March  14,  1839, 
patented  a  kind  of  rectangular  flat-bottomed  retorts.  Directly 
after,  H.  Lee,  having  opposed  and  defeated  Gamble's  patent,  intro- 
duced a  kind  of  pan,  of  the  shape  of  a  large  cast-iron  spoon,  whose 
broader  side  was  turned  towards  the  workman,  the  smaller  side 
towards  the  roaster.  Now  Gamble  again  followed  with  a  round 
*'  pot,''  smaller  and  deeper  than  the  present  shape  and  placed  in 
an  outer  pan  for  protection.  From  this  the  present  shallow  un- 
covered pan,  directly  exposed  to  the  fire,  has  been  developed. 
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In  some  rare  cases  the  form  of  the  pan  reeeibbles  that  eS  the 
lead  pans  just  described;  and  they  are  then  heated  faythe  waste 
fire  of  the  roaster^  precisely  in  the  same  manner.    Mostly,  however,  - 


fig.  81. 


they  are  shallow  cast-iron  dishes,  9  to  11  feet  iu  diameter,  and 
1  foot  9  inches  to  2  feet  6  inches  deep ;  their  thickness  varies  &om 
VOL.  II.  r 
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6  to  7  inches  in  the  centre^  and  from  2  to  3  inches  near  the  edge ; 
their  weight  from  5  to  6^  tons.     Their  edge  is  either  quite  even 
(fig.  30),  or  provided  with  a  plain  horizontal  flange  (fig.  31)  or 
with  an  upstanding  margin  on  an  horizontal  flange  (figs.  32  and 
33).    These  forms  difEer  especially  in  respect  of  the  boiling-over  of 
the  mass  and  the  escape  of  acid  vapour.     The  cover"  is  very  fre- 
quently formed  by  an  arch  independent  of  the  pan,  so  that  the 
latter,  if  cracked,  can  be  taken  out  without  any  loss  of  time  and 
replaced  by  a  new  one ;  merely  the  front  wall  of  the  pan  furnace 
above  the  fireplace  need  be  taken  away  and  rebuilt;  and  the  ex- 
change is  all  the  easier,  as  the  pans,  from  other  practical  motives^ 
are  always  set  so  that  their  bottom  is  nearly  on  a  level  with  the 
ground,  and  the  fireplace  is  built  underground :  this  is  done  in 
order  to  have  the  working-door  of  the  pan  just  at  the  proper  work- 
ing height,  say  2  feet  to  2  feet  6  inches  above  the  ground.     In 
laying  out  the  decomposing-house,  care  should  be  taken  that  suf- 
ficient free  space  remains  in  front  of  the  pan-furnaces,  so  that  the 
pan  can  be  pulled  out  by  means  of  a  winch  and  a  new  pan  can  be 
run  in,  for  which  purpose,  as  no  work  is  going  on,  all  the  furnace- 
men  &c.  will  be  disposable. 

The  pans  usually  have  one  or  two  lugs  cast  on,  into  which  the 
chain  of  the  winch  is  fastened.  The  new  pan  is  placed  on  a  strong 
wooden  or  iron  bogie  and  run  with  this  underneath  the  pan-arch^ 
the  bogie- wheels  sliding  on  loose,  flat,  iron  bars ;  the  old  pan  is 
likewise  run  out  on  a  bogie,  or  directly  on  the  flat  bars,  previously 
greased  with  waggon-grease.  At  larger  works  there  is  always  a 
pan  ready  on  a  bogie,  or  at  least  supported  in  such  a  way  that  a 
bogie  can  be  run  underneath  and  no  time  be  lost ;  with  energetic 
work  no  more  than  12  to  15  hours  need  elapse  between  the  begin- 
ning of  pulling  down  the  brickwork  of  the  old  pan  and  finishing 
that  of  the  new  pan.  At  some  works,  where  all  the  pans  are  set 
in  a  single  row,  a  railway  runs  parallel  with  them,  which  partly 
serves  for  taking  away  the  salt-cake,  partly  also  for  taking  out 
cracked  pans  and  putting  in  new  ones  with  the  assistance  of  a 
travelling  crane. 

In  the  case  just  described  the  pan  can  be  kept  in  use  a  good 
deal  longer  than  usual,  if  turned  OOP  every  three  months,  so  that 
fresh  surfaces  are  always  offered  to  the  wear  and  tear  in  the  worst 
places ;  pans  can  thus  be  made  to  last  for  eighteen  months. 

It  is  not  quite  so  convenient  if  the  arch  is  not  independent  of 
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the  pan^  but  rests  upon  the  edge  of  the  latter^  as  in  fig.  33.  Figs* 
37  to  40  (pp.  lAr-ll)  show  this  arrangement.  In  other  cases  such 
pans  are  built  with  a  straight  cylindrical  wall^  resting  on  the  pan- 
edge  and  covered  by  a  horizontsd  circular  metal  plate.  In  this  case, 
when  the  pan  cracks,  the  top  arch  &c.  must  be  taken  down  and 
rebuilt  after  putting  in  the  new  pan ;  this  causes  12  to  16  hours' 
detention  in  addition  to  the  time  stated  for  resetting  the  pan  with 
independent  arch.  The  stoneware  pipes  for  the  acid  gas,  starting 
from  the  centre  of  the  pan-arch,  must  be  carried  in  the  timber  of 
the  roof  in  such  a  way  that  they  need  not  be  taken  away  when  the 
arch  is  puUed  down ;  there  is  no  question  of  this  where  the  pipes 
are  placed  sideways. 

The  reason  why  such  an  arrangement  has  recently  been  pre- 
ferred at  many  works,  although  the  pan-arch  has  to  be  rebuilt 
every  time,  and  thus  time  and  wages  are  lost,  is  that  only  in  this 
way  can  an  escape  of  acid  vapours  into  the  chimney  be  with  cer- 
tainty prevented.  With  the  ordinary  pans  (fig.  30  or  31)  standing 
loosely  within  an  arch  and  either  just  touching  it  with  their  edges 
or  connected  with  it  by  a  low  wall,  it  is  very  likely  to  happen  that, 
on  the  contents  of  the  pan  boiling  over  (which  cannot  always  be 
prevented),  the  acid  wiQ  partly  destroy  the  brickwork  and  open  a 
slight  communication  between  the  space  above  the  pan  and  that 
below  it  (viz.  the  fireplace).  By  the  expansion  and  contraction 
resulting  from  great  changes  of  temperature  the  pan  is  already 
loosened  and  is  easily  detached  from  the  arch,  so  that  cracks  and 
other  communications  of  the  kind  just  mentioned  are  formed. 
But  since  the  draught  of  the  chimney  serving  the  fireplace  is 
necessarily  much  stronger  than  that  of  the  condensing-apparatus, 
which  is  in  connexion  with  the  space  above  the  pan,  a  good 
deal  of  the  gas  given  off  from  the  pan  will  inevitably  be  drawn 
downwards  into  the  fireplace  and  thus  escape  directly  into  the 
chimney,  as  soon  as  the  least  communication  exists  between  the 
space  above  and  that  below  the  pan.  The  smallest  hole  suffices 
for  this;  and  it  may  last  a  long  time,  and  much  nuisance  and 
damage  may  have  been  caused  by  the  escape  of  muriatic  gas  be- 
fore it  is  even  noticed.  This  drawback  is  thoroughly  prevented 
by  the  arrangement  of  resting  the  arch  on  the  pan-edge  itself, 
if  the  latter  is  bent  upwards  and  visible  outside,  as  shown  in 
figs.  87  and  40 ;  for  even  if  a  hole  is  made  in  the  pan  by  any  acid 
boiling  over,  which  cannot  happen  so  easily  on  account  of  the 
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tumed-up  flange^  the  gas  issuing  from  it  must  escape  into  the 
working-space  itself  and  must  be  noticed  directly;  in  no  case  can 
it  get  into  the  fireplace. 

An  arrangement  figured  in  Muspratt^s  'Chemistry^  (iii.  p.  908)^ 
thence  copied  into  many  text-books^  and  also  greatly  recommended 
in  Hofmann^s  '  Report  by  the  Juries'  (1862),  seems  to  be  obsolete 
now  in  England,  but  has  been  found  by  the  author  in  a  German 
works.  It  consists  in  providing  the  pans  with  sheet-iron  dome- 
shaped  covers,  bricked  over ;  the  flame  of  the  fireplace  first  travels 
over  these  covers,  and  then  underneath  the  pan-bottom.  The 
whole  is  a  closed  iron  muffle,  only  provided  with  openings  for 
charging,  shoving,  and  carrying  off  the  gas.  This  construction  is 
costly  and  complicated;  it  makes  the  renewal  of  a  pan  more 
troublesome,  and  facilitates  the  escape  of  acid  vapours  by  any  hole 
in  the  iron  dome ;  the  heating  from  above  does  no  good,  except 
indirectly  by  keeping  the  direct  flame  off  the  pan-bottom,  which 
can  be  easily  done  in  any  case  by  proper  setting,  as  we  shall  see 
below.  In  fact,  at  the  German  works  where  this  style  of  cover 
has  been  adopted,  the  fire  first  goes  underneath  the  pan-bottom 
and  then  over  the  top,  where  its  only  use  is  to  protect  the  dome 
from  being  acted  upon  by  the  acid  vapour,  by  keeping  it  hot. 
The  arrangement  drawn  by  Muspratt  has  never  been  general  in 
Lancashire,  as  erroneously  reported  by  Hofmann;  it  was  only 
adopted  at  a  few  works,  and  seems  to  have  been  given  up  every- 
where for  years  past.  Another  arrangement  (not  to  be  confoimded 
with  this,  and  still  found  at  some  Lancashire  works)  consists  of 
cast-iron  domes  for  the  pans,  vrithout  any  fire  passing  over  them  ; 
they  stand  in  the  place  of  pan-arches;  and  on  the  occasion  of 
renewing  a  pan  its  dome  can  be  pulled  up  and  let  down  again. 
Sometimes  they  are  covered  with  bricks  to  keep  them  hot,  and 
thus  protect  them  fi*om  the  acid  vapours. 

The  material  of  the  pan  is  of  the  last  importance  for  its  dura- 
bility. It  should  be  considered  what  demands  are  made  on  such 
a  casting.  It  is  expected  to  stand  the  change  of  temperature 
between  the  cold  salt  and  the  acid,  heated  at  most  to  100^  C,  on 
the  one  hand,  and  the  low  red  heat  required  by  the  reaction  on 
the  other  hand,  and  constantly  back  again,  without  cracking,  and 
must  even  stand,  to  a  certain  extent,  the  caking-on  of  crusts  and 
the  great  local  superheating  consequent  upon  this,  notwithstanding 
the  great  thickness  which  is  given  to  it  for  the  sake  of  durability. 
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It  is  further  to  resist  the  attack  of  tlie  fire  from  below  and  the 
much  worse  attack  of  the  hot  acids  and  the  fusing  bisulphate  from 
above.  In  fact^  even  under  the  most  favourable  conditions^  it  can 
do  this  only  for  a  certain  time ;  a  pan  is  considered  to  have  done 
good  service  indeed  if  it  works  nine  months  and  furnishes  2500 
tons  of  sulphate.  Sometimes  they  last  longer — up  to  4000  tons^ 
but  mostly  much  less ;  and  now  and  then  they  crack  after  a  few 
days'  use.  In  order  to  stand  at  aU,  they  must  consist  of  a  mix- 
ture of  several  brands  of  pig  iron  (kept  secret  by  the  founders), 
and  must  be  cast  with  the  greatest  care.  Pure  charcoal  pig,  for 
instance,  tesists  cracking  by  changes  of  temperature  better  than 
coke  pig,  but  it  is  too  soft  and  too  easily  attacked  by  acids.  The 
pans  are  of  course  cast  in  loam — not  in  bricked-out  pits,  however, 
but  in  cast-iron  moulds  thickly  lined  with  loam,  placed  bottom 
upwards,  and  provided  with  many  holes  for  the  escape  of  gas ;  a 
feeding-head  of  9  inches  diameter  and  2  feet  height  produces  a 
dense  casting,  every  blister,  of  course,  making  the  pan  useless. 
In  England  the  casting  of  decomposing-pans  was  formerly  a 
monopoly  of  Messrs.  B.  Daglish  and  Co.,  of  St.  Helens,  and  the 
Widnes  Foundry  Company,  of  Widnes ;  for  a  number  of  years  past 
several  other  foundries  have  also  successfully  taken  up  this  article, 
as  Messrs.  John  Abbot  and  Co.,  of  Gateshead,  William  Black,  of 
South  Shields,  &c.  On  the  Continent,  the  decomposing-pans 
must  generally  be  taken  from  the  nearest  foundry  at  which  they 
can  be  obtained;  the  alkali-works  are  therefore  nearly  always 
compelled  to  abstain  from  heating  them  directly,  and  to  employ 
merely  the  waste  heat  of  the  roaster;  so  that  their  whole  style  of 
working  is  different.  There  the  pans  rarely  last,  on  an  average, 
above  1500  tons  of  sulphate.  They  will  last  the  longer  if  the 
mixture  is  conveyed  from  them  into  the  calcining-fumace  in  a 
thinner  state. 

It  is  hardly  necessary  to  mention  that  the  way  of  setting  the 
pans  (which  will  be  described  in  detail  lower  down),  and  especially 
also  the  treatment  of  the  pans,  have  very  much  to  do  with  their 
durability,  and  that  only  very  reliable  and  skilled  men  should  be 
employed  upon  them.  If  the  workman  aUows  thick  crusts  to  cake 
to  his  pan  and,  perhaps,  pushes  them  off  again  suddenly,  if  he 
allows  the  pan  to  become  red  hot  towards  the  finish  of  the  opera- 
tion, and  then  at  once  charges  it  again  with  cold  salt  and  acid,  and 
so  forth,  the  best  pan  may  be  cracked.    This  is  at  once  perceived 
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througli  melted  bisulphate  getting  into  the  fireplace ;  and  in  this 
case  it  is  the  rule  in  the  best  works  to  stop  the  works  at  once  and 
to  replace  the  cracked  pan  by  a  new  one.  It  is  often  possible  to 
work  on  a  few  days  with  a  cracked  pan^  bnt  with  great  loss  of 
sulphate  and  gas  :  nor  is  it  practically  possible  to  patch  it ;  for 
riveting^  cementing^  &c.  do  no  good^  as  has  been  proved  by  in- 
numerable attempts. 

The  lower  portions  of  the  pan-settings  such  as  the  fireplace 
itself,  the  arch  over  the  same,  the  annular  wall  carrying  the  pan- 
edgCj  &C.S  are  touched  as  little  as  possible  on  resetting  a  pan, 
unless  they  require  repairing  at  the  same  time.  Tha  firepUice 
mustj  in  any  case,  be  constructed  so  as  to  avoid  overheating  single 
parts  of  the  pan-bottom,  by  which  it  would  be  most  readily  cracked : 
that  this  happens  through  unequal  heating  of  single  places  can  be 
perceived  on  cleaning  out  the  pan,  the  respective  places  appearing 
more  brightly  red-hot  than  the  remainder.  Frequently  this  can 
be  remedied  by  enlarging  or  narrowing  one  or  more  of  the  ''  snore- 
holes  ''  an  inch  or  two ;  and  the  practised  eye  of  a  skilled  furnace- 
builder  must  here  frequently  supplement  the  drawings.  In  order 
to  avoid  the  damaging  action  of  the  direct  flame,  the  firegrate  is 
either  placed  very  much  below  the  pan,  or  a  perforated  (pigeon- 
holed) arch  is  placed  between,  as  the  diagrams  will  show. 

At  some  alkali-works  the  sulphuric  acid,  which  is  conveyed 
direct  from  the  sulphuric-acid  works  in  a  lead  tube,  arrives  suffi- 
ciently hot,  for  instance  from  the  Glover-tower  or  from  a  tank 
where  tower-acid  and  chamber-acid  are  mixed.  But  where  this  is 
not  the  case,  there  ought  always  to  be  a  special  small  pan  provided 
for  heating  the  sulphuric  acid,  made  of  cast-iron  lined  with  lead, 
heated  by  the  waste  heat  of  the  pan-fire  and  at  the  same  time 
serving  for  measuring  off'  the  acid  required  for  each  operation.  It 
is  for  this  purpose  furnished  with  a  glass  float  or  with  a  fixed 
leaden  scale.  The  outflow  of  the  acid  from  the  measuring-box 
into  the  pan  is  produced  by  a  perpetually  filled  siphon,  for  instance 
one  like  fig.  34.  The  sulphuric  acid  here  is  heated  up  to  80°  or 
KXf  C. ;  without  this  it  is  much  more  difficult  to  keep  the  decom- 
posing-pan  from  cracking. 

The  runninff^n  of  the  acid  into  the  pan  has  also  to  be  carefully 
attended  to.  If  there  is  sufficient  faU  at  disposal,  the  acid  ought 
always  to  be  run  in  at  the  top,  in  the  centre  of  the  pan-arch  or 
close  to  it;  for  this  purpose  there  is  usually  a  short  cast-iron 
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pipe  provided,  firmly  connected  on  the  outside  with  the  lead  pipe 
conveying  the  acid  from  the  measuring-box,  and  frequently  ending 
inside  with  a  rose  for  scattering  the  acid  in  a  fine  spray.  In  this 
case  the  acid  always  runs  onto  the  s^t  previously  thrown  in,  with- 
oat  coming  into  immediate  contact  with  the  pan,  and  the  cast-iron 
pipe  itself  lasts  pretty  long,  because  it  becomes  hot  and  no  acid 
can  ever  lodge  in  it.  If,  however,  the  measuriDg-vessel  has  to  be 
placed  lower  down  and  the  acid  must  be  run  into  the  pan  sidewaysj 
this  must  never  be  done  along  the  edge  of  the  pan,  because  thus  a 
channel  will  soon  be  formed  in  this  place,  and  a  crack  will  be  the 
consequence.  In  that  case  the  lead  pipe  must  be  put  into  a  cast- 
iron  one,  projecting  pretty  far  into  the  pan,  so  that  the  acid  may 
get  to  the  salt  itself  without  running  down  the  pan.  This  pipe 
will  not  last  long;  but  it  can  be  used  somewhat  longer  by  being 
turned.  Stoneware  pipes  &c.  cannot  be  employed,  even  if  they 
would  stand  the  changes  of  temperature,  because  the  men  too  often 
push  against  them  with  their  tools. 

Figs  35  &  36  show  a  salt-cake  furnace  vith  one  pan  and  two  open 
Totutert,  at  the  works  of  Messrs.  3.  Hutchinson  and  Co.,  of  Widnes. 
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Fig.  36. 


The  pan  A  and  the  tvo  roasters  B  and  C  have  each  a  separate 
fireplace,  a,  b,  and  c.  The  fire  of  the  pan  is  carried  tovarda  the 
chimney  by  the  flues  n  n  and  x  y ;  but  the  flames  of  the  two  open 
roasters,  with  their  double  grates  hh  aad  ii,  and  a  somewhat  rising 
bottom,  enter  through  the  snore-holes  u  and  v  the  space  above  the 
pan.  After  having  in  B  and  C  received  the  gas  of  the  charges  that 
are  getting  finished,  they  receive  in  A  the  stronger  pan-gas,  and 
ultimately  pass  through  the  fireclay  pipe  g  to  the  condensers,  r 
and  s  are  the  fire-doors  of  the  roasters ;  /  the  firing-cave,  e  the  fire- 
door,  of  the  pan ;  /  and  p  the  working-doors  of  the  roasters.  By 
the  fact  of  the  roaster-fire  touching  the  pan  from  above,  the  latter 
works  so  fast  that  it  can  supply  two  roasters.  This  arrangement 
is  good  for  putting  out  a  large  quantity  of  salt-cake ;  bat,  owing 
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to  the  acid  vapours  all  being  mixed  with  fire-gas,  only  muriatic 
acid  of  4°  to  6°  Tw.  can  be  condensed,  which  is  partly  used  for  bi- 
carbonate, but  mostly  run  to  waste.  Pans  with  the  roaster-fire 
heating  them  from  the  top  are  therefore  only  exceptionally  met 
with.  Now  that  muriatic  acid  forms  an  essential  economical 
&ctor  at  alkali-works^  such  an  arrangement  appears  very  irra- 
tional. 

Much  better  is  the  combination  where  the  pan-gas  and  the 
roaster-gas  are  taken  away  separately.  Such  a  construction,  which 
has  in  practice  proved  entirely  successful,  is  represented  in  figs.  37 
to  40. 

The  diagrams  will  be  understood  without  much  explanation;  and 
all  the  dimensions  are  marked  (in  metrical  measure).  Fig.  37  is  a 
sectional  elevation  through  the  line  A  B  of  the  plan ;  fig.  38  a  sec- 
tional plan  through  the  line  C  D  of  the  preceding  figure ;  fig.  39 
an  outside  elevation ;  fig.  40  a  sectional  elevation  through  the  line 
E  F  of  the  plan.  The  pan  is  in  this  case  provided  with  a  flange 
and  upturned  edge  and  a  dome-shaped  roof,  which,  to  be  sure,  has 
to  be  taken  down  and  built  up  every  time  a  new  pan  has  to  be  put 
in ;  but  this  only  takes  a  few  hours,  and  the  arrangement  affords 
absolute  security  against  any  escape  of  muriatic  acid  gas  from  the 
pan  into  the  chimney. 

The  fire  of  the  roaster  travels  from  the  grate  a,  through  the 
roaster  i,  into  the  flue  c,  and  then  into  the  condenser  for  roaster- 
acid  ;  the  gas  of  the  pan  d  goes  independently  through  e  into  the  pan- 
oondensers.  The  roaster  has  two  working-holes  //,  with  bars  for 
supporting  the  tools,  and  with  doors  made  of  a  fireclay  tile  in  an 
iron  frame,  balanced  by  a  chain,  pulley,  and  weight,  as  shown  at  ff. 
A  is  a  balanced  double  damper  of  cast-iron,  running  in  a  groove 
of  the  gangway  between  pan  and  roaster,  and  luted  with  salt.  Such 
double  dampers,  kept  asunder  by  stay-bolts,  are  preferred,  because 
single  dampers  are  very  quickly  worn  out  at  the  edges  by  the  acid 
vapours,  and  then  allow  the  pan-gas  from  d  partly  to  escape  into 
the  better-drawing  calciner  b;  since  the  space  between  the  two 
damper-plates  is  equally  filled  with  salt,  it  is  kept  sufficiently  gas- 
tight.  The  flange  of  the  pan  is  interrupted  at  i  and  k  for  the 
charging-door  and  the  shoving-hole.  /  is  the  funnel  for  the  sul- 
phuric acid,  which,  if  there  is  a  fall,  is  better  placed  near  the  centre 
of  the  arch^  so  that  the  acid  will  run  into  the  middle  of  the  pan  onto 
the  salt ;  otherwise,  as  mentioned  above,  a  cast-iron  pipe  (quickly 
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vearing  oat]  has  to  be  used.  The  diagrams  show  how  the  fireplace 
below  the  pan  is  laid  out  so  as  to  protect  the  pan-bottom  from  the 
direct  action  of  the  fire,  and  to  heat  it  as  equally  as  possible ;  the 
sises  of  the  snore-holes  &e.  are  all  results  of  experience.  Exactly 
the  same  sizes  must  be  chosen  if  the  pan  is  not,  as  drawn  here,  pro- 
Tided  with  a  dome  resting  upon  its  own  fiange,  but  with  a  barrel- 
arch  independent  of  it.  The  fire  on  the  grate  m  is  covered  by  the 
arch  n,  which  is  pierced  only  sideways  with  boles,  whose  section 
becomes  larger  from  front  to  back  ;  thus  the  pan-bottom  is  not  in 
direct  contact  with  the  fire.  The  fire  travels  round  the  pan  j  but  it 
is.first  kept  in  by  the  circular  wall  o  a,  and  escapes  only  by  its  holes, 
different  in  size,  according  to  the  direction  of  the  draught,  into 
the  outer  annular  space,  where  it  heats  the  upper  part  of  the  pan, 
and  ultimately  into  the  flue  p. 

In  the  case  represented  here  the  pan  is  placed  at  the  end  of  the 
roaster,  and  both  are  charged  at  the  same  aide.  Consequently  the 
working-door  of  the  pan  is  at  right  angles  with  the  shoving-hole. 
The  conveyance  of  the  half-fiuished  sulphate  is  effected  by  "  cast- 
ing "  it  with  a  long-handled  shovel,  curved  so  as  to  fit  the  pan- 
bottom.  Such  pans  are  called  "  casting-pans."  If  the  shoviDg- 
hole  is  just  opposite  the  working-door,  the  charge  is  poshed  or 
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shoved  over  with  a  long-handled  rake  shaped  so  as  to  fit  the  pan- 
bottom  j  and  the  pan  is  called  a  "  shoving-pan/^  The  former  kind 
of  labour  is  rather  easier  than  the  latter ;  but  the  arrangements 
must  suit  the  locality.  Sometimes  placing  the  pan  in  the  centre  of 
the  back  of  the  roaster  cannot  be  avoided ;  in  that  case  the  charge 
must  always  be  '^  shoved/^  The  fireplace  of  the  pan  may  also  be 
placed  sideways^  instead  of  endways^  but  preferably  not  at  the  same 
side  as  the  working-door^  because  then  the  firing-cave  would  have 
to  be  arched  over. 

The  open  roasters  are  heated  either  by  coke  or  coals.  The 
former  is  much  dearer  than  the  latter^  especially  as  the  cheaper  gas- 
cokes  do  not  answer  very  well,  since  they  bum  away  quickly ;  and 
in  the  end  the  more  expensive  oven-cokes  pay  better,  because  there 
is  much  less  of  them  used.  Many  works  burn  their  own  coke  for 
this  purpose  from  suitable  coals.  Still  coke  fires  are  mostly  pre- 
ferred to  coal,  because  with  the  latter  very  much  soot  is  formed, 
the  fire-gas  being  considerably  cooled  by  the  evolution  of  acid 
vapours  on  the  roaster-bed ;  and  that  the  pipes  and  condensers  may 
not  get  stopped  up  with  soot,  the  former  must  be  made  very  wide^ 
and  the  latter  packed  very  openly  with  loosely-placed  bricks.  They 
must  also  be  fed  with  a  strong  jet  of  water,  in  order  to  wash  the 
soot  off  the  bricks ;  so  that  it  is  not  very  well  possible  to  obtain 
strong  acid.  The  condensed  acid,  mostly  only  4°  to  6°  Tw.,  con- 
taining very  much  soot,  will  only  do  for  evolving  carbonic  acid  for 
the  manufacture  of  bicarbonate,  hardly  even  for  the  recovery  of 
sulphur  firom  alkali-waste.  On  the  other  hand,  if  coke  is  used  in 
the  roasters,  the  condensers  can  be  packed  much  more  closely,  as 
no  soot  has  to  be  dealt  with ;  the  water  need  not  be  run  in  a  strong 
jet,  and  acid  of  23°  to  28°  Tw.  can  be  obtained  which  will  do  very 
well  for  making  chlorine,  and  which,  by  suitable  means,  can  Jbe 
made  even  stronger,  as  we  shall  see  below. 

The  blind  roasters  (muffle  furnaces),  for  calcining  the  half* 
finished  sulphate,  are  distinguished  from  the  just-described  open 
roasters  by  the  fact  that  the  flame  in  them  does  not  come  into  im- 
mediate contact  with  the  charge,  but  only  acts  indirectly  through 
the  bed  and  the  arched  roof,  which  together  form  a  closed  muffle. 
Accordingly  the  acid  vapour  formed  in  calcining  is  not  mixed  with 
fire-gas,  and  can  thus  be  condensed  much  more  easily  than  the  gas 
from  open  roasters,  as  it  is  both  less  dilute  and  not  so  hot.  It  is 
not,  to  be  sure,  so  strong  as  the  pan-gas,  as  it  is  mixed  with  more 
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air,  which  gets  in  throi^h  the  working-doors  during  the  taming- 
orer  of  the  chaise;  it  is  also  much  hotter  and  leas  pure  than  pan- 
gas,  owing  to  the  solphuric  acid  escaping  during  the  finishing 
operation. 

At  many  works,  accordingly,  the  gas  from  blind  roasters  is  con- 
densed separately  from  the  pan-gas,  especially  if  acid  is  made  for 
sale ;  where  all  the  acid  is  used  up  at  the  works,  the  gases  mostly 
go  into  the  same  condenser.  One  instance  of  a  blind  roaster  has 
already  been  given  in  conaexion  with  a  lead  pan.  Another  con- 
struction is  shown  in  figa.  41  to  47,  where  the  pan  and  the  roaster 
have  a  separate  fire  each,  which  is  necessary  in  forced  work,  such 
as  is  usual  in  England. 


80  sulphate  op  bosa  and  hydrochloric  acid. 

Rk.43. 
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The  muffle-arcli  behind  the  firebridge,  vhere  the  fiist  heat  of  the 
fire  meets  it,  is  a  full  brick  strong,  and  covered  besides  with  "  half- 
thicks ;"  these  are  left  out  in  the  second  third  of  the  length;  and 
the  last  third  ia  only  half  a  bnck  strong.  The  vhole  arch  ia 
covered  with  an  inch  of  fireclay,  moistened  with  weak  soda-liquor; 
fay  this  it  is  caused  to  frit  together  and  to  become  more  gas-tight. 
Of  course  the  best  fire-bricks  must  be  employed,  the  joints  must 
be  made  very  narrow,  and  the  whole  masonry  must  be  aa  solid  as 
possible.  The  beet  height  for  the  arch  ia  9  inches  :  leaa  cannot  well 
be  taken  without  detracting  from  its  stability;  and  if  it  is  made 
higher,  the  radiant  heat  acta  less  upon  the  chaise.  It  springs  at 
a  height  of  12  inches  fi-om  the  bed,  so  that  its  crown  is  21  inches 
above  the  same.  The  upper  arch  at  the  widest  place  is  12  inches 
apart  &om  the  mu£Qe-arcb ;  at  the  narrowest  (in  front)  it  ia  only 
6  inches.  Both  arches  are  supported  on  metal  plates 'covering  the 
furnace  from  the  outside,  and  held  together  by  uprights  and  bracing- 
rods.  In  front  the  plates  are  3  feet  high,  at  the  back  only  2  feet. 
They  are  about  I  inch  thick,  and  on  each  long  side  require  10  up- 
rights, usually  formed  of  4-inch  railway  rails,  and  cross  bars  of 
|-inch  square  or  |-incb  round  iron.  The  flames  of  the  two  fire- 
places travel  over  the  mufflc-arcb  divided  by  a  thin  wall,  and  unite 
at  the  far  end,  and  then  descend  by  several  down-draughts.  Here 
is  also  the  gangway  between  pan  and  roaster,  together  with  its 
damper. 

These  parts  of  the  furnace  must  be  very  carefully  built,  as  they 
are  very  much  eitpoaed  to  wear  and  tear. 

The  gangway  is  all  lined  with  metal  plates.  The  damper  has  a 
projecting  top  flange  tor  a  sand  lute.  It  wears  out  very  quickly; 
aod  a  double  damper,  as  in  fig.  37,  ia  preferable  here  also.  Below 
the  gangway  the  flues  uuite  into  a  common  cross  flue ;  and  the 
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flame  again  travels  towards  the  front  in  seven  narrow  flues ;  it  is 
here  reunited  by  another  cross  flue,  and  at  last  carried  towards  the 
chimney.  The  seven  narrow  flues  are  so  made  in  order  to  allow  the 
fiirnace-hed  to  be  made  of  ordinary  9-inch  fire-bricks,  which  are 
employed  on  the  flat,  or  2^  inches  thick.  It  is  preferable  to  em- 
ploy two  courses  of  half-thicks  {split  bricks),  crossing  each  other. 
The  dwarf  walls  separating  the  flues  should  be  9  inches  thick,  so  as 
not  to  bum  away  too  quickly.  The  flues  are  5  inches  wide ;  so  that 
a  9-inch  brick  has  a  good  hold  on  each  side;  and  in  the  irontthey 
are  continued  into  cleaning-out  holes,  usually  closed.  The  bottom 
of  these  flues  is  strongly  inclined  towards  one  of  the  cross  flues 
(fig.  43),  to  facilitate  cleaning.  The  acid  gas  is  taken  away  by  a 
lateral  ascending  channel,  sometimes  by  a  cast-iron  pipe  lined  with 
bricks,  passing  through  both  arches  ;  but  the  latter  quickly  wears 
out,  and  may  cause  the  muffle-arch  to  crack. 

Instead  of  making  the  fumace-bed  of  9-in.  fire-bricks,  at  many 
works  fireclay  slabs  up  to  2  feet  square  are  employed;  then  the 
number  of  bottom  flues  is  diminished  to  four.  An  instance  of  this 
kind  is  the  furnace  represented  in  figs.  48  to  50,  The  flame,  tra- 
velling from  front  to  back  over  the  arch,  returns  in  two  lateral 
flues  underneath  the  bed  and  again  goes  forward  in  two  other 
central  flues.  In  the  furnace  sketched  in  figs.  51  to  54  the  course 
of  the  fire  can  be  followed  without  any  further  explanation.  If 
very  good  fireclay  slabs  can  be  had,  the  construction  shown  in 
figs.  48  to  50  is  preferable  to  that  shown  in  figs,  41  to  47;  since 
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Fig.  63. 


tlie  bottom  flues  are  more  easily  cleaned  out ;  there  are  also  mueh 
fewer  joiats  in  tte  bed.  The  fireclay  slabs  must,  however,  be  of 
very  good  quality  for  this,  and  must  be  made  with  rabbited  ends, 
as  shown  in  fig.  55. 

Fifr.66. 


The  muffles  are  frequently  made  much  longer  than  they  are 
drawn  here — for  instance,  25  or  even  30  feet  long  inside;  they 
cannot  be  made  any  wider,  owing  to  the  difficulty  that  would 
occasion  in  turning  over  the  charge.  By  making  the  muffle  as 
large  as  possible,  both  the  heat  of  the  fuel  is  better  utilized,  and 
the  layer  of  stuff  is  much  thinner,  and  therefore  much  more  easily 
turned  over  and  mixed. 

We  shall  lastly  give  the  description  of  a  salt-cake  furnace  without 
a  separate  fire  for  the  pan,  as  used  in  Germany,  from  Knapp's 
Chem.  Technologie,  ii.  p.  391. 

Kg.  56  is  a  sectional  elevation,  fig.  57  another  at  right  angles 
through  the  muffle,  fig.  58  a  sectional  plan  on  the  level  of  the 
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working-doors,  fig.  59  a  side  elevation.  The  pan  A,  arched  over 
with  firebricks,  and  the  roaster  B  are  heated  by  the  same  fire, 
which  first  touches  the  latter,  then  the  pan.  The  fireplace  E  is 
provided  with  a  ladder  grate  a  for  brown  coals ;  the  aah-pan  b  is 
filled  with  water.  The  flame  first  travels  over  the  muffle  through 
/,  between  the  roaster-arch  e  and  the  upper  arch  c,  and  thea 
descends  through  the  anore-holes  g  and  y  (shown  by  dotted  lines), 
in  order  to  travel  underneath  the  furnace-bottom,  first  through  the 
two  outer  Sues  h  h  and  back  again  through  the  two  inner  flues  A'  h' 
towards  the  pan.  According  to  the  position  of  the  damper  1 1 
(regulated  at  k),  the  flame  can  either  be  directed  underneath  the 
pan,  at^,  and  into  the  flue  q  leading  to  the  chimney,  or,  when  the 
damper  is  closed,  immediately  through  t  into  q.  The  acid  gas  is 
carried  away  to  the  condensers  separately  from  the  pan  by  the 
stoneware  pipe  C,  and  from  the  roaster  by  the  fiue  D,     The  salt  is 
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charged  through  Zy  and  the  sulphuric  acid  through  a  lead  pipe 
fixed  in  the  pan-arch.  The  gangway  n  can  be  closed  by  a  damper 
pporided  with  the  balance- weight  m;  Uy  tiy  and  v  are  the  three 
working-doors  of  the  roaster,  w  is  a  door  for  cleaning  out  the 
flue  /;  a?  and  y,  the  iron  bindings  of  the  furnace. 

The  English  blind  roasters  have  usually  a  separate  fireplace 

for  the  pan,  whilst  in  Belgium,  Germany,  and  France  the  pan 

is  mostly  heated  by  the  waste  heat  of  the  roaster.     This  plan  is 

not  at  all  economical  where  a  very  large  quantity  of  work  has  to 

be  got  out;  for  whatever  is  saved  in  coals  is  more  than  outweighed 

by  the  increased  labour,  the  multiplication  of  furnaces,  &c.     In  the 

Belgian  works,  according  to  Chandelon  (Monit.  Scieut.  1864,  p.  50), 

a  blind  roaster  decomposes  about  30  to  36  cwt.  of  salt  in  24  hours ; 

in  Lancashire,  however,  he  states  the  daily  make  at  11  to  12  tons 

of  salt.     The  latter  is  exaggerated ;  5  tons  of  salt  daily  is  a  fair 

average,  8  tons  a  very  good  make  for  a  blind  roaster;  12  tons  daily 

are  only  decomposed  in  open  roasters,  and  even  with  these  but 

rarely,  10  tons  being  considered  very  fair  work.     In  France  and 

Germany,  even  in  large  blind  roasters,  the  usual  quantity  of  salt 

decomposed  is  2^  tons  in  24  hours,  rarely  3  tons;  according  to 

Chandelon's  latest  report    (Bull.  Soc.  Enc.  1871,  xviii.  p.  322) 

most  Belgian  works  decompose  not  more  than  86  cwt.,  and  very 

few  as  much  as  72  cwt.     With  this  slow  work,  certainly,  the 

muriatic  acid  can  be  more  completely  condensed  than  with  very 

quick  work. 

A  peculiar  construction  is  that  sketched  in  the  6th  Report  by 
the  Inspector  on  the  Alkali  Act,  p.  66.  In  order  to  avoid  the 
drawback  of  a  complicated  construction,  and  the  liability  to  getting 
out  of  repair,  of  the  blind  roasters,  only  the  bottom  of  the  roaster 
is  fired,  and  that  from  below,  thus  doing  away  with  the  risk  arising 
from  cracks  in  the  arch.  The  heat  is  very  equally  divided  by  flues ; 
so  that  the  bottom  does  not  bum  through  very  quickly.  The  flame 
afterwards  heats  the  pan ;  and  altogether  the  coal  used  is  said  to 
amount  to  33  per  cent,  of  the  weight  of  salt  decomposed.  The 
pan-gas  goes  away  along  with  the  roaster-gas,  which  is  not  mixed 
with  fire-gas.  This  style  of  furnace  has  not  been  adopted  elsewhere. 
Whether  for  calcining  the  half -finished  salt-cake  blind  or  open 
roasters  are  preferable,  is  still  an  open  question.  In  the  Tyne 
district  none  but  open  roasters  are  found ;  but  in  Lancashire  these 
are  employed  only  where  no  strong  muriatic  acid  is  made,  other- 
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wise  blind  roasters  alone  are  used.  Messrs.  Tennant  have  got 
blind  roasters  at  the  older  works  near  Glasgow,  but  open  ones  at 
the  new  works  at  Hebburn.  This  alone  proves  that  something  is 
to  be  said  on  both  sides.  The  advantages  of  blind  toasters  are  as 
follows : — 

1st.  Better  condensation  of  the  hydrochloric  acid. 

2nd.  Stronger  muriatic  acid. 

3rd.  Cheaper  condensing-plant. 

4th.  The  employment  of  coals  for  firing. 

5th.  A  saving  of  sulphuric  acid. 

The  advantages  of  open  roasters  are  : — 

1st.  A  larger  turn-out  of  sulphate. 

2nd*.  Less  liability  to  need  repairs. 

3rd.  The  impossibility  of  acid  vapours  escaping  otherwise  than 
into  the  condenser. 

4th.  Greater  facility  of  making  strong  sulphate. 

Of  course  the  circumstances  that  appear  as  advantages  of  blind 
roasters^  correspond  to  drawbacks  in  open  ones^  and  vice  versd. 
The  defenders  of  each  system  have  consequently  striven  to  do  away 
with  the  drawbacks  adhering  to  their  system,  and  in  many  respects 
with  success.     We  will  now  go  into  this  matter  in  detail. 

Condensation  of  hydrochloric  acid. — ^It  stands  to  reason  that  the 
gas  from  the  blind  roasters  is  much  more  easily  condensed  than 
that  from  open  roasters^  hot  as  the  latter  is  and  diluted  with  a  large 
quantity  of  fire-gas.  The  condensation  of  open-roaster  gas  is  indeed 
impossible  with  the  Woulfe^s  bottles,  formerly  general  on  the  Conti- 
nent; owing  to  this,  in  1856  blind,  roasters  were  made  compulsory  by 
law  in  Belgium.  Now-a-days  we  have  got  much  beyond  this.  The 
bottles  have  been  replaced  entirely  or  partly  by  towers  filled  with 
coke,  bricks,  fee.,  and  it  has  been  recognized  that  the  mainspring 
of  all  good  condensation  is  the  best  possible  cooling.  If  there  is 
a  sufficient  cooling-  and  condensing-space  provided,  even  the  acid 
vapour  from  open  roasters  can  be  completely  condensed.  Indeed^ 
whilst  the  former  reports  on  the  Alkali  Act  (up  to  1867)  seemed  to 
show  a  much  larger  escape  of  acid  vapours  from  open  than  from 
blind  roasters,  it  was  discovered  that  the  latter  lost  a  great  deal  of 
gas  through  leakages  directly  into  the  chimney  which  could  not  be 
detected  by  the  inspectors,  since  they  usually,  up  to  the  last  few 
years,  merely  tested  for  any  acid  vapours  remaining  in  the  gas  after 
passing  through  the  condensers.     Since  this  source  of  loss  has  been 
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more  completely  investigated^  the  reports  actually  show  better  con- 
densation in  the  Tyne  district^  where  only  open  roasters  are  used^ 
than  in  the  Lacashire  district.  The  investigations  of  Dr.  B.  Angus 
Smith  himself  and  of  his  colleagues  have  drawn  the  alkali-makers' 
attention  to  this  source  of  loss ;  and  the  gratifying  consequence  has 
been  much  greater  care  in  the  construction  of  blind  roasters.  We 
must  take  it  as  established  that  there  is  no  proof  whatever  of  a 
more  complete  condensation  of  the  gas  from  blind  roasters ;  but  it 
is  certain  that  the  gas  is  more  eanly  condensed  than  that  from 
open  roasters. 

Strength  of  the  condensed  acid, — In  the  case  of  blind  roasters 
the  roaster-gas  is  either  condensed  along  with  the  pan-gas  or  in 
qaite  similai*  apparatus.  If  the  cooling  is  sufficient  and  the  supply 
of  water  properly  regulated^  nearly  all  the  muriatic  acid  is  obtained 
in  the  strong  state ;  the  liquid  running  away  from  the  wash-tower 
only  shows  1°  or  even  0°  on  the  hydrometer.  On  the  other  hand^ 
the  gas  from  open  roasters  is  condensed  in  separate  towers ;  and 
formerly  in  this  way  merely  weak  acid,  only  fit  for  bicarbonate 
or  for  sulphur-recovery,  was  obtained,  most  of  which  was  run  to 
waste.  Latterly,  however,  many  works,  by  increasing  their  cool- 
ing-channels &c.,  have  succeeded  in  obtaining  a  large  portion  of 
the  open-roaster  acid  sufficiently  strong  to  be  employed,  mixed 
with  the  pan-acid,  for  making  chlorine.  Thus  the  open  roasters 
have  partly  made  up  for  the  start  which  the  blind  roasters  had 
before  them  in  this  respect;  but  they  will  hardly  ever  completely 
do  so — that  is,  permit  the  making  of  as  much  bleaching-powder. 

Cheaper  condensing -plant. — Undoubtedly,  for  an  equally  good 
condensation,  much  less  condensing-plant  is  used  for  blind  than 
for  open  roasters. 

Employment  of  coals  for  firing. — Open  roasters  are  mostly  fired 
with  coke,  in  order  to  avoid  soot  and  ashes,  less  on  account  of  the 
quality  of  the  salt-cake,  if  this  is  used  up  at  once,  than  because 
with  coals,  in  spite  of  dust-chambers,  the  condensers  would  soon 
be  stopped  up  and  the  disagreeable  task  of  repacking  them  would 
occur  very  frequently.  It  is  true  that  a  greater  absolute  quantity 
of  heat  is  required  for  a  blind  roaster ;  but  although  the  effect  of 
the  direct  flame  in  the  open  roasters  is  much  greater,  the  deficiency 
is  partly  made  up  again  by  the  more  than  double  length  of  path 
travelled  by  the  flame  in  a  blind  roaster.  At  all  events  the  fuel  of 
the  muffles  is  cheaper.     At  few  works  only  are  open  roasters  fired 
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with  coals,  and  only  whea  do  strong  acid  is  wanted,  as  the  soot 
must  always  be  washed  down  by  means  of  a  strong  jet  of  water  in 
the  condensers. 

Saving  of  sulphuric  acid  for  decottqtosing  the  salt. — Such  a  saving 
is  undoubtedly  effected  by  blind  roasters  against  open  ones,  as  will 
be  subsequently  shown  in  detail. 

We  now  turn  to  the  points  in  which  open  roasters  seem  to  have 
an  advantage — first  of  all  to  the  larger  turn-out  of  sulphate.  This 
is  indispensable.  The  calcination  in  an  open  roaster  is  much 
greater  than  in  a  blind  one ;  the  charge  is  always  finished  by  the 
time  the  next  charge  in  the  pan  is  got  ready,  while  with  a  blind 
roaster  the  pan-man  must  usually  wait  till  the  roaster-man  has 
finished.  Owing  to  this,  a  quarter  or  a  third  more  sulphate  is 
made  in  an  open  roaster  than  in  a  blind  one  ;  the  pan  also  suffers 
less,  as  it  has  not  to  stand  so  many  changes  of  temperature,  which 
occur  because  the  pan-man  has  to  slacken  his  fire  when  waiting  for 
the  roaster-man.  This  seldom  happens  with  open  roasters ;  and 
consequently  much  more  sulphate  is  usually  got  out  of  a  pan  before 
it  cracks.  The  drawback  in  question  can  be  avoided  by  putting 
two  blind  roasters  to  each  pan,  as  shown  in  fig.  60 ;  but  this  means 
s  good  deal  more  space,  prime  cost,  and  repairs. 

Fig.  60. 


A  still  clearer  drawback  of  the  blind  furnaces  is  their  liabitily  to 
need  repairs.  This,  indeed,  is  their  weakest  point,  It  is  against 
the  nature  of  a  mufQe  to  be  made  of  very  substantial  brickwork, 
as  it  would  conduct  the  heat  too  slowly  and  incompletely.  The 
thin  hollow  bottom  and  the  arch  of  a  muffle  suffer  much  more 
firom  wear  and  tear  than  the  solid  bottom  and  arch  of  an  open 
roaster.  Besides,  any  considerable  repair  of  the  inner  arch  can 
only  he  made  after  removing  the  upper  arch,  whether  the  latter 
wants  repairing  or  not ;  the  space  between  them  must  not  be  large 
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enough  for  a  man  to  work  m  between^  since^  if  it  were^  the  flame 
would  travel  along  the  upper  arch  and  would  communicate  but 
little  heat  to  the  lower  one^  that  of  the  roaster  itself.  Latterly 
the  scale  has  turned  still  more  against  blind  roasters^  since  atten- 
tion has  been  drawn  to  the  fact  that  firequently  acid  vapours  escape 
from  the  muffle  into  the  outer  flues^  and  thus  get  into  the  chimney 
without  any  condensation.  Owing  to  this>  the  work  has  firequently 
to  be  stopped^  and  repairs  to  be  made^  long  before  the  brickwork 
has  suffered  very  much  from  the  heat.  Recently,  however,  by  very 
careful  construction  and  by  employing  very  good  material,  blind 
roasters  have  been  made  to  stand  much  longer  and  to  keep  much 
tighter ;  for  instance,  arches  are  made  much  tighter  against  gas  by 
using  specially  moulded  bricks,  fig.  61,  which  are  joined  with  a 

Fig.  61. 


very  thin  layer  of  fireclay  mortar ;  thus  the  thickness  of  the  muffle- 
arch  can  be  reduced  to  4^  in.,  and  a  much  better  heating-effect  can 
be  produced.  In  this  respect  every  thing  depends  upon  the  expe- 
rience and  skill  of  the  manager,  the  mason,  &c. 

Greater  security  against  the  escape  of  add  vapours  directly  into 
the  chimney. — As  remarked  before,  this  drawback  of  blind  roasters 
has  been  only  gradually  discovered.  Owing  to  this,  the  statements 
of  the  blue  books  are  defective  j  for  they  only  register  what  gas  has 
been  lost  through  the  condensers,  not  that  lost  through  the  chimney 
or  from  any  other  cause.  A  loss  of  acid-gas  may  either  take  place 
firom  the  pan  or  the  roaster.  In  the  former  respect  there  is  of 
course  no  difference  between  the  two  kinds  of  roasters,  as  they 
have  the  same  pans;  in  describing  these  we  see  how  this  fault 
can  be  avoided  in  constructing  and  setting  the  pans.  But  the 
roasters  behave  very  differently.  In  open  roasters  all  gas  passing 
through  the  furnace,  both  acid-gas  and  fire-gas,  gets  into  the 
condensers.  On  opening  the  doors  and  drawing  the  charges 
some  acid  vapour  may  get  into  the  working  sheds ;  but  this  is 
very  little ;  and  as  the  workmen  are  the  principal  sufferers  by  it^ 
they  always  do  their  best  to  avoid  it.  By  fixing  gas-hoods  over 
the  working-doors  this  loss  may  be  reduced  almost  to  zero,  if 
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the  hoods  are  not  connected  with  the  chimney,  but  with  a  separate 
small  condenser  made  of  stoneware  pipes^  say  2  feet  wide  and 
20  feet  high.  In  the  case  of  ordinary  blind  roasters,  however, 
there  is  always  a  stronger  pull  in  the  outer  fire-flues  than  inside 
the  muffle;  consequently  by  the  slightest  crack  in  the  arch  a 
certain,  often  a  large,  quantity  of  acid  vapour  will  get  into  the 
fire-flues  and  escape  into  the  chimney,  without  passing  through 
the  condensers.  Any  cracks  in  the  furnace-bottom  are  less  dan- 
gerous, as  these,  being  filled  up  by  melting  salt-cake,  do  not  allow 
any  gas  to  pass  through ;  but  sometimes  whole  tiles  fall  in  and 
cause  a  great  loss  of  gas.  As  the  arch  must  always  be  thin,  it  is 
all  the  more  liable  to  crack.  Consequently,  blind  roasters  can 
never  be  trusted,  but  several  times  daily  the  air  of  the  fire-flues 
must  be  tested  by  aspirating  a  certain  volume  through  distilled 
water  and  titrating  with  nitrate  of  silver.  It  is  the  best  way  to 
test,  first  of  all,  the  main  flue,  if  there  is  one,  into  which  all  the 
saltcake-fumaces  lead ;  if  this  is  found  faulty,  the  furnace-flues 
must  be  tested  singly,  in  order  to  find  out  the  individual  furnace 
at  fault.  Without  this  precaution  large  quantities  of  gas  may 
escape  unawares  and  may  cause  much  damage  and  nuisance. 
Some  persons  believe  they  can  form  a  sufficient  idea  of  any  loss  of 
acid  vapours  Arom  the  appearance  of  the  sinoke  issuing  from  the 
top  of  the  chimney ;  but  this  is  very  deceptive,  and  not  trustworthy, 
except  for  large  losses. 

Dr.  Smith  describes  a  case  in  which  the  fire-gas  of  the  muffle 
had  to  pass  through  a  separate  wash-tower,  in  order  to  wash  out 
any  acid  vapours  casually  escaping.  A  tower  of  20  feet  height 
and  8  feet  square  is  said  to  have  been  sufficient  for  three  furnaces. 
Such  a  tower,  no  doubt,  must  be  packed  with  bricks  very  loosely, 
not  to  interfere  with  the  draught,  and  consequently  will  not  be 
very  efficient  for  condensing  the  extremely  diluted  acid  vapour 
passing  through  it;  the  two  requirements  of  good  draught  and 
good  condensation  must  clash  with  each  other ;  and  perhaps  the 
arrangement  was  rather  adopted  ut  aliquid  fieri  videatur. 

In  order  to  prevent  the  cause  of  the  easy  irruption  of  acid 
vapours  into  the  fire-flues,  viz.  the  larger  draught  in  the  latter, 
Muspratt  has  taken  out  a  patent  (May  4th,  1877)  for  a  process 
analogous  to  that  employed  by  Gamble  for  his  gas-furnace,  to 
cause  an  excess  of  pressure  in  the  fire-flues,  by  dispensing  with 
chimney-draught  and,  instead  of  this,  forcing  air  underneath  the 
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grate,  also  admitting  more  air  in  other  parts  of  the  furnace  for 
burning  the  carbon  monoxide. 

Another  patent  (by  Deacon)  seeks  to  attain  the  same  end  simply 
by  placing  the  fire-grate  at  a  considerable  depth  below  the  bridge, 
thus  causing  a  slowly  ascending  current  of  hot  gas,  which  is  checked 
by  travelling  round  the  muffle  and  thus  exposed  to  a  greater  pres- 
sure than  the  gas  inside  the  same.     (See  Appendix.) 

Stronger  sulphate. — Owing  to  the  higher  temperature  of  an  open 
roaster,  it  is'  much  easier  to  calcine  the  salt-cake  and  to  decompose 
the  common  salt  completely.  In  blind  furnaces  this  can  only  be 
attained  by  employing  a  large  area  and  consequently  a  very  thin 
layer  of  material,  and  spending  a  good  deal  of  time  over  the  cal- 
cining process.  This,  of  course,  is  much  easier  with  furnaces 
possessing  two  muffles  to  one  pan. 

It  is  evident  from  the  above  that  the  circumstances  to  be  re- 
garded are  very  complicated;  and  frequently  the  choice  between 
blind  and  open  roasters  is  not  very  easy.  The  following  seems  to 
be  pretty  well  established.  Wherever  it  is  necessary  to  get  as 
much  strong  muriatic  acid  as  possible,  whether  for  sale  or  for 
generating  chlorine,  blind  roasters  should  be  employed ;  but  they 
should  be  built  as  carefully  as  possible.  Furnaces  with  two  muffles 
are  better  than  the  single  ones  with  respect  to  the  quantity  turned 
out.  In  this  case  there  will  also  be  a  certain  saving  in  the  cost 
of  condensers ;  but  the  flues  ought  to  be  daily  tested  in  the  man- 
ner indicated  above.  Where,  on  the  other  hand,  the  capital  for 
condensers  is  a  smaller  consideration  than  the  space  for  furnaces, 
and  where  it  is  not  necessary  to  get  all  the  muriatic  acid,  or  where 
a  portion  of  it  is  required  in  the  weak  state  (say,  for  bicarbonate 
or  for  sulphur-recovery),  there  open  roasters  are  preferable.  In 
this  case  the  manufacturer  is  much  less  dependent  upon  the  skill  of 
the  furnace-builder.  He  has  to  take  more  care  about  the  supply 
of  water ;  but  he  need  not  fear  any  loss  of  acid  vapours  from  his 
calciners.  Contrary  to  the  conclusions  of  the  Belgian  Parliamen- 
tary Commission  of  1855  (in  consequence  of  which  blind  roasters 
have  been  made  compulsory  in  Belgium)  and  that  of  Freycinet 
(Annales  des  Mines;  1868,  t.  xiii.  p.  153),  it  is  the  author's  opinion 
that  just  in  those  cases  where  the  first  consideration  is  the  entire 
prevention  of  the  escape  of  acid  vapours,  open  roasters  are  safer 
than  blind  ones,  although  they  do  not  permit  so  much  strong  acid 
to  be  obtained. 
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The  aboye  will  make  it  clear  that^  according  to  the  circumstances 
of  each  special  case^  blind  roasters  or  open  roasters  should  be  pre- 
ferred ;  but  even  local  customs  have  much  to  do  with  the  choice. 
Blind  furnaces  are  the  only  ones  found  in  Belgium,  where,  as  re- 
marked^ they  have  been  made  compulsory  by  law ;  but  there  we 
find  Chandelon  (Bull.  Soc.  d^Enc.  1871,  p.  324)  complaining  of 
great  carelessness  about  repairs ;  he  frequently  found  furnaces  with 
cracked  arches  in  full  work,  of  course  with  large  quantities  of  acid 
vapour  escaping  through  the  chimney.  In  Germany  and  France, 
too,  they  are  all  but  universal ;  and  in  Lancashire  they  are  much 
more  numerous  than  open  roasters.  The  latter,  on  the  other  hand, 
are  the  only  kind  of  furnace  found  on  the  Tyne. 

A  construction  intended  to  combine  the  advantages  of  open 
roasters  with  those  of  closed  ones  is  the  gas-furnacey  first  proposed 
by  Dr.  Fletcher,  and  carried  out  in  practice  in  several  modifications 
in  Lancashire,  for  instance  by  Mr.  Wigg,  of  Runcorn.  The  gas, 
produced  in  Siemens^s  generators,  is  conveyed  through  an  under- 
ground flue  both  to  the  calcining-fumace  and  to  the  pan ;  it  is 
lighted,  and  the  air  admitted  through  five  air-slides  in  the  front 
end  of  the  furnace.  The  method  employed  for  heating  the  pan  is 
a  very  rational  one.  The  flame  issues  below  its  centre,  and  is 
drawn  ofF  by  four  flues,  so  that  it  spreads  quite  equally ;  it  can  be 
regulated  at  will  by  opening  or  closing  the  gas-  and  air-dampers 
much  less  than  for  a  direct  fire ;  and  with  the  gas-fire  the  pans 
are  much  less  liable' to  breakage.  The  calcining-fumace  is  heated 
by  a  separate  gas-flue,  first  indirectly,  through  the  flags  forming 
its  bottom ;  the  flame  returns  over  the  bottom  and  heats  the  charge 
upon  it  directly.  From  this,  however,  arise  several  drawbacks, 
which  have  caused  the  system  to  be  abandoned  again  in  some 
cases.  In  the  first  place,  the  funiace  is  too  long,  and  the  flame, 
which  has  already  travelled  underneath  the  bottom  a  distance  of 
80  feet,  in  order  to  return  over  the  same,  cannot  bring  more  than 
a  fourth  or  at  most  a  third  part  of  the  furnace-bottom  to  a  heat 
sufficient  for  finishing  the  sulphate.  This  can  be  avoided  by 
making  two  beds  of  15  feet  length  each,  assigning  one  of  them  to 
each  pan.  But  even  then  the  sulphate  easily  fluxes  through  the 
joints  of  the  plates  and  stops  up  the  flues  underneath.  This  hap- 
pens much  more  readily  than  with  ordinary  blind  roasters,  because 
here  the  flame  travels  first  over  the  arch  and  then  under  the  bot- 
tom, which  thus  does  not  get  so  hot.    The  object  of  the  whole  was 
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this — to  produce,  by  meatiB  of  the  gaseous  fuel  aad  the  regulation 
of  the  air,  a  flame  quite  free  from  smoke  and  not  contailuBg  a  large  . 
excess  of  air,  which  was  to  permit  the  productioii  of  as  much  strong 
muriatic  acid  by  a  reverberatory  furnace  and  a  coal  fire  as  with  a 
blicd  roaster ;  but  this  has  not  proved  to  be  the  case  j  and  Wigg's 
fumace  has  consequently  not  been  widely  adopted. 
Another  gas-furoace  has  been  constructed  by  Gamble  ;  this  is 

Fig.  63. 


represented  in  figs.  62  to  66.  Here  an  ordinary  blind  roaster  is 
fired  by  means  of  gas-producers  ;  the  air  required  for  combufition 
is  heated  by  passing  through  a  system  of  iron  pipes,  which,  on 
their  part,  are  heated  from  the  outside  by  the  waste  heat  of  the 
fumacc-fire.  The  greatest  drawback  of  blind  roasters,  the  escape 
of  acid  vapours,  through  any  chinks,  from  the  muffle  into  the  fire- 
fiues,  is  to  be  avoided  by  carefully  adjusting  the  dampers  so  as  to 
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put  the  gas  in  the  generator  under  a  somewhat  higher  pressure 
than  the  ga^  ineide  the  muffle.  This  is  not  very  easy,  since  the 
pressure  inside  the  muffle  varies  considerahlj,  according  to  the 
rate  at  which  acid  vapours  are  given  off;  but  with  a  little  care  the 
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object  can  be  attained.  At  Messrs.  Gamble  and  Sullivan's  these 
furnaces  are  working  very  well,  and  there  is  not  the  inconvenience 
of  gas  getting  intothe  fire-Buesj  if  there  are  any  cracks  in  the 
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arch,  the  fire-gas  rather  enters  into  the  muffle,  but  not  vice 
versd. 

The  following  rules  hold  good  for  all  sulphate-furnaces.  It  is 
advisable  to  paint,  not  merely  all  the  metal  parts,  but  the  whole  of 
the  brickwork  outside,  with  hot  coal-tar,  and  to  repeat  the  painting 
when  the  furnaces  are  hot.  Thus  both  the  iron  and  the  brickwork 
will  be  protected  against  the  rapid  corrosion  to  which  they  would 
both  be  subjected  by  the  muriatic  acid  vapour.  Thus  protected, 
an  open  furnace  goes  a  long  time  without  any  important  repairs, 
except  occasionally  renewing  the  lining  of  the  fireplace.  But,  in 
the  nature  of  things,  the  muffle  of  a  blind  furnace  cannot  but  re- 
quire frequent  repairs  :  in  the  first  place,  it  must  be  very  thin,  so 
as  to  be  more  readily  penetrated  by  the  heat ;  secondly,  its  outside 
is  acted  upon  by  the  fire  and  its  inside  by  the  acids ;  the  bottom 
moreover,  is  injured  by  the  mechanical  labour  of  turning  over  the 
sulphate ;  thirdly,  even  the  smallest  crack  must  not  be  neglected, 
but  the  furnace  must  be  stopped  in  order  to  repair  it,  so  as  to 
avoid  losses  of  acid  vapour.  Consequently  it  is  much  better  not 
to  place  the  acid-gas  flues  on  the  top  of  the  arch,  but  sideways,  as 
shown  in  figs.  42  and  44  (pp.  79  and  80). 

In  regard  to  the  brickwork  of  the  pan,  the  lining  of  the  fire- 
place and  the  arch  over  the  grate  suffer  rather  much  if  the  work  is 
pushed  hard,  and  must  be  pretty  frequently  renewed.  The  upper 
part  (or,  in.  case  of  heating  by  waste  heat,  the  whole)  of  the  fire- 
flues  suffer  very  little.  The  arch  over  the  pan,  if  built  indepen- 
dently of  it  aud  well  constructed,  may  last  out  several  pans. 

Mechanical  Salt  cake-Furnaces. 

The  first  of  these  that  came  into  actual  operation  was  that  of 
Jones  and  Walsh  (patented  in  1875).  With  this  there  is  no  sepa- 
ration into  two  stages,  but  the  whole  operation  is  carried  on  in  a 
large  shallow  cast-iron  pan  exclusively  heated  from  the  top. 
Thus  the  great  drawback  of  the  ordinary  pans  heated  from  the 
bottom  (the  frequent  breaking)  is  avoided ;  and  whilst  with  those 
every  thing  depends  upon  the  skill,  sobriety,  and  goodwill  of  the 
attendants,  the  new  furnace  is  independent  of  them.  It  is  only 
possible  to  work  a  furnace  of  this  kind  by  substituting  for  the 
turning  over  by  hand  that  by  mechanical  contrivances ;  this  per- 
mits finishing  the  operation  in  the  same  vessel,  while  the  salt  is 
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decomposed  more  completely  and  at  a  lover  temperature.     Figs. 
67  to  69  represent  the  origiDal  construction.     The  furnace  con- 


sists of  a  circular  pan,  c,  14  feet  wide,  with  a  flat  bottom  and  a 
6-inch  flange,  resting  on  solid  masonry  and  heated  from  the  top 
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by  a  cote  fire.  In  the  centre  of  the  pan  there  ia  a  footstep,  g,  in 
which  an  upright  shaft,  /,  revolves  once  every  2^  minutes ;  the 
shaft  passes  through  the  pan-arch,  and  is  driven  round  by  toothed 
gearing,  /.  Four  strong  horizontal  arms,  h,  are  fixed  to  the  shaft ; 
and  to  these  the  slanting  rods  i,  with  the  scrapers  k,  are  attached 

Fig.  69. 


by  cotters.  The  scrapers  are  arranged  at  different  distances  from 
the  shaft,  so  that  the  whole  pan  is  ranged  over  hy  them.  They  are 
the  only  metal  parts  subject  to  much  wear  and  tear;  but  this 
amounts  to  less  than  that  of  the  ordinary  pan  and  furnace-tools ; 
and  the  scrapers  can  easily  be  replaced.  The  shaft  is  driven  by  a 
steam-engine  with  a  5-inch  cylinder,  a  is  the  fireplace ;  b,  the 
snore-holes,  through  which  the  fire  gets  to  the  pan,  c ;  it  escapes 
through  d  into  the  flue  e,  leading  to  the  condenser.  The  openings 
m,  usually  closed  by  doors  n,  serve  for  charging  and  withdrawing. 
This  construction  was  found  capable  of  improvement  in  more 
ways  than  one ;  and  several  new  furnaces  were  made  according  to 
the  plans  of  Mr.  Goodman  of  Newcastle ;  these  improvements  are 
shown  in  figs.  70  to  72.  The  Rreplace  is  put  to  one  of  the  bnt- 
treases  of  the  pan-arch ;  so  that  the  latter  can  he  kept  much  lower 
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down.  The  pan  is  made  16  feet  wide,  and  placed  on  an  arch ;  the 
•haft  is  driven  &oni  below.  The  scrapers  are  replaced  bf  cast-iron 
pbughs,  which  ordinarily  only  turn  over  and  mix  the  contents  of 
lie  pan,  but,  on  reversing  the  gearing,  serve  for  conveying  the 
■tnff  to  the  circnmference  and  discharging  it  there.  The  pan-arch 
ii  surmounted  by  an  iron  hopper,  closed  by  a  balanced  cone,  which 
Gontuns  the  whole  charge  of  salt,  viz.  5  tons,  and,  on  lifting  the 
cone,  allows  it  to  drop  at  ouce  into  the  pan.  Thus  both  the  time 
and  the   labour  of  chaining  and  discharging  are  reduced  to  a 


The  smaller  pans  only  hold  3^  tons  of  salt ;  and  the  shovelling 
in  through  the  working-door  takes  about  an  hour.     Then  about 
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four  fifths  of  the  acid  is  run  in  by  two  lead  pipes  ending  just 
over  the  pan-edge.  The  salt  and  acid  are  quite  regularly  mixed, 
and  there  is  no  tendency  to  boiling  over ;  no  tallow  is  necessary 
to  prevent  this.  The  evolution  of  muriatic  acid  gas,  which  in 
the  ordinary  pans  is  very  tempestuous  during  the  first  quarter 
of  an  hour  and  thus  puts  a  great  strain  on  the  condensers,  in 
Jones  and  Walsh's  furnace  is  much  more  even,  and  the  conden- 
sation accordingly  easy  and  complete,  in  spite  of  the  dilution 
with  air.  After  the  mass  has  been  stirred  round  for  a  quarter  of 
an  hour,  a  sample  is  taken  out  and  tested ;  and,  according  to  the 
results  of  the  test,  more  acid  is  run  in,  or,  on  the  other  hand,  more 
salt  can  be  added.  Just  this  possibility  of  improving  a  charge 
during  the  operation  is  an  important  advantage.  Owing  to  the 
intimate  mixture,  about  5  per  cent,  of  sulphuric  acid  is  saved 
upon  the  ordinary  open  process.  The  heat  in  the  furnace  is  only 
425°  C.  against  650°  C.  or  upwards  in  the  ordinary  open  roasters. 
Each  operation  takes  about  5^  or  6  hours.  The  sulphate 
appears  as  a  finely  powdered  mass,  quite  free  from  lumps  and  very 
pure ;  two  samples  taken  by  the  author  himself  showed  0*6  and 
0'2  per  cent,  respectively  of  free  acid  and  0*58  and  0*12  per  cent, 
respectively  of  free  salt.  One  man  can  easily  serve  one  furnace, 
and  also  wheel  all  the  salt,  against  two  panmen,  two  or  four 
roastermen,  one  weighman,  and  one  salt-wheeler  in  the  ordinary 
process. 

The  hydrochloric  acid  would  in  this  case  seem  to  be  very  difficult 
to  condense  in  a  strong  form,  since  the  sulphate  is  exclusively  made 
by  direct  top-fire.  But  it  is  not  so,  nevertheless,  no  doubt  ovring 
to  the  very  even  evolution  of  the  gas  and  to  the  much  lower  heat. 
At  Messrs.  Jones's  works  the  acid  vapour,  mixed  with  the  fire-gas, 
first  passes  through  a  fire-brick  flue  3^  feet  high,  2^  feet  wide,  and 
50  feet  long  (cast-iron  pipes  would  cool  it  much  better),  then 
through  a  ^^  shower-bath/'  consisting  of  a  stone  trough,  whose  top 
is  provided  with  about  80  water-lutes;  a  1-in.  water-pipe  with 
many  small  holes  causes  a  fine  spray  of  water  constantly  to  meet 
the  gas,  cooling  it  and  precipitating  the  smoke,  without  condensing 
much  acid,  because  the  time  of  action  is  too  short.  The  water 
continually  runs  off  at  half  the  height  of  the  tower ;  it  shows  about 
1°  Tw.  Then  the  gas  passes  into  an  ordinary  coke-tower  7  feet 
square  and  50  feet  high ;  the  acid  running  off  is  28°  to  30®  Tw. 
strong.  The  quantity  of  the  acid  condensed  does  not  seem  to  have 
been  exactly  determined ;  but  the  condensation  is  good,  and  only 
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0*2  grain  HCl  per  cubic  foot  of  air  can  be  detected.  There  is  no 
nuisance  whatever  from  gas  escaping  through  the  doors,  or  after 
drawing  the  charges;  and  a  frequent  source  of  nuisance  in  the 
ordinary  furnaces,  the  damper  between  the  pan  and  the  roaster, 
has  no  existence  here. 

Afterwards,  however,  several  drawbacks  of  Jones  and  Walsh's 
furnaces  were  discovered,  which  had  been  overlooked  at  first. 
Thus  the  cast-iron  ploughs  have  not  proved  successful,  and  wrought- 
iron  scrapers  have  been  re-adopted.  There  has  also  been  a  difficulty 
in  keeping  the  joints  of  the  pan-segments  tight ;  and  altogether  the 
necessary  repairs  are  frequent  and  costly.  A  recent  patent  of  Messrs. 
Jones  and  Walsh  (May  5th,  1877)  seeks  to  overcome  one  of  these 
difficulties  by  introducing  an  improved  form  of  flange,  with  peculiar 
expansion  joints.  The  furnace  certainly  does  not  turn  out  as  much 
work  as  had  been  expected,  viz.  at  most  12  tons  daily  with  loosely 
packed  condensers,  which  do  not  allow  any  very  strong  acid  to  be 
obtained,  and  only  5  tons  with  closely  packed  coke-towers. 

These  matters  have  been  ventilated  fully  in  a  paper  read  by 
Mr.  Jones  to  the  Newcastle  Chemical  Society,  and  in  the  subse- 
quent discussion  (Chem.  News,  xxxv.  p.  51).  Jones  attributes  the 
undeniable  want  of  success  of  some  of  the  mechanical  furnaces  to 
two  causes,  viz.  insufficient  heat  and  unsuitable  modifications  in 
the  construction  of  the  furnace.  The  former,  in  some  instances, 
was  caused  by  the  furnace-arch  being  made  too  high  above  the 
pan-bed.  It  has  been  found  in  practice  that  a  temperature  of  440° 
to  555°  C.  is  required  to  work  off  a  batch  of  saltcake  in  a  reasonable 
time ;  where  the  arch  of  the  furnace  has  been  built  4  ft.  9  in.  or 
5  ft.  above  the  bed,  it  is  difficult  to  get  the  requisite  degree  of  heat ; 
consequently  the  charge  takes  two-  or  threefold  the  time  for  finish- 
ing, thus  causing  loss  of  time,  labour,  and  fuel.  Insufficient 
draught  through  the  condensers  has  in  other  cases  prevented  the 
furnace  from  being  properly  heated.  This  was  still  more  the  case 
when  a  double  arch  was  tried,  as  in  an  ordinary  blind  roaster,  for 
keeping  separate  the  gases  from  the  fire  and  those  from  the  charge. 
As  far  as  the  details  of  construction  are  concerned,  the  ploughs 
rigidly  fixed  to  the  cross  arms  have  not  been  found  to  answer  so 
well  as  the  loose  scrapers  or  paddles,  partly  owing  to  the  caking  of 
the  salt-cake  on  the  sole  of  the  pan.  The  best  form  of  stirrer  to 
prevent  this,  and  at  the  same  time  thoroughly  to  expose  the  charge 
to  the  heat,  is  still  a  desideratum ;  so  far  nothing  has  been  found 
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to  work  better  than  the  original  scrapers  or  paddle-blades  attached 
to  the  cross  arms  by  a  wrought-iron  shank^  with  a  bolt-and-eye 
arrangement.  The  greatest  change  has  been  the  abandonment  of 
cast  iron  and  the  reversion  to  the  original  construction  of  wrought 
iron  in  those  portions  of  the  machinery  exposed  to  the  full  heat  of 
the  furnace.  It  has  been  found  that  the  cast-iron  parts^  after 
exposure  for  some  time  to  the  heat  (and  the  acid  vapours)^  become 
extremely  brittle  and  break  down  with  a  slight  strain ;  only  in  one 
establishment  on  the  Tyne  has  this  been  overcome  by  a  special 
combination  of  metal ;  and  the  cast-iron  working  parts  there  have 
been  a  complete  success. 

The  vertical  shaft  is  now  made  of  7-in.  solid  round  wrought  iron^ 
and  the  cross  arms  5  in.  square ;  and  this  construction  has  stood 
the  test  of  practice  very  well.  The  pan  is  now  made  12  in.  deep 
and  has  two  doors  at  opposite  sides ;  in  a  pan  of  this  depth  and  of 
16  ft.  diameter  a  charge  of  6  tons  of  finished  sulphate  can  be  made. 
In  order  to  get  the  arch  lower  and  bring  the  heat  more  directly 
into  contact  with  the  charge,  the  roof  of  the  furnace  is  supported 
upon  flat  metal  girders  for  about  one  third  of  the  diameter  at  each 
end,  leaving  a  space  of  about  6  ft.  in  the  centre  covered  by  a  brick 
arch,  so  as  to  allow  space  for  the  working  of  the  diagonal  stays 
which  attach  the  cross  arms  to  the  vertical  shaft.  Open  passages 
]8  in.  wide  are  now  left  in  the  brickwork,  going  across  from  side 
to  side  under  the  joints  of  the  pan ;  thus  any  leakage  which  may 
occur  can  be  seen  and  remedied  at  once  without  any  stoppage  of 
the  fiimace.  The  wear  and  tear  of  the  pan  itself  is  very  small ;  a 
pan  taken  out  after  18  months'  continuous  use  was  found  to  be  in 
perfect  order.  The  use  of  hot  sulphuric  acid  of  140°  Tw.  conduces 
to  the  safety  of  the  pan^  and  is  found  to  expedite  the  finishing  of 
the  charge. 

The  consumption  of  coke  has  averaged  about  2 J  cwt.  per  ton  of 
finished  sulphate  of  soda,  and  about  3  cwt.  per  ton  with  sulphate  of 
potash. 

Mr.  Jones  considers  that  the  following  points  have  been  esta- 
blished : — 

1.  The  nuisance  arising  from  the  escape  of  vapours  from  the 
furnaces  or  from  the  batches  of  salt-cake  has  been  almost  entirely 
overcome. 

2.  The  condensation  is  effectually  performed,  and  the  muriatic 
acid  recovered  at  a  strength  varying  from  24°  to  30°  Tw.     (The 


PROM  COMMON  SALT  AND  SULPHURIC  ACID.  105 

chimney-tests  showed  an  escape  of  0*10  to  0*15  grain  HCl  per 
cuhic  foot.) 

3.  The  finished  sulphates  are  of  a  superior  quality  and  of  a  more 
miiform  character. 

4.  Allowing  for  the  extra  cost  of  coke  (as  against  coal  where 
used),  steam,  &c.,  a  material  saving  in  labour,  in  wear  and  tear, 
and  also  in  sulphuric  acid  is  effected  as  compared  with  the  manual- 
labour  system  of  decomposing.  (At  Messrs.  H.  L.  Pattinson  &  Co.^s 
works  there  was  used  upon  100  parts  of  real  salt  in  the  hand-fur- 
nace 90*00,  in  Joneses  furnace  85*80  SO4H2,  against  the  theoretical 
quantity  of  83*76,  showing  a  saving  of  4*2  per  cent.  S04Ha  by 
Jones's  furnace.) 

There  is  at  least  one  half  of  the  manual  labour  saved ;  ordinary 
day-labourers,  instead  of  skilled  men,  can  be  employed ;  and  there 
is  no  necessity  to  depend  upon  their  goodwill  to  prevent  the  break- 
ing of  pans. 

In  the  discussion  following  upon  Mr.  Jones's  paper,  the  present 
manufacturers  on  the  whole  upheld  his  statements ;  one  of  them 
mentioned  that  only  after  introducing  the  Jones  furnace  had  he 
succeeded  in  bringing  down  the  escape  of  acid  vapours  within  the 
minimum  prescribed  by  the  law.  The  maximum  quantity  turned 
out  in  54  days  was  stated  to  be  75  to  80  tons  of  sulphate  from  salt 
alone,  or  100,  even  up  to  103  tons,  when  working  nitre-cake  and 
salt  together. 

Special  inquiries  made  by  the  author  in  1878  elicited  reports  not 
quite  so  rose-coloured.  The  maximum  quantity  obtainable  in  7 
days  was  stated  to  be  50  tons ;  and  perhaps  on  this  account  the 
quantity  of  fuel  (inclusive  of  steam)  was  said  to  exceed  that  used 
in  the  ordinary  hand-furnaces.  Most  complaints  were  made  about 
the  enormous  amount  of  repairs  entailed  by  the  machinery :  cast- 
iron  shafts  break ;  and  wrought-iron  ones  twist.  Mr.  Jones  cer- 
tainly declares  this  to  be  entirely  owing  to  faulty  workmanship, 
and  asserts  that  in  substantial  and  well-constructed  furnaces  the 
wear  and  tear  is  less  than  in  the  hand-furnace  and  roaster. 

A  large  portion  of  the  evils  experienced  with  Jones  and  Walsh's 
furnace  is  no  doubt  to  be  accounted  for  by  the  fact  that  the  matter 
was  pushed  on  too  fast,  and  that  the  manufacturers  adopting  it 
added  on  their  own  part  "  improvements  '*  which  did  not  turn  out 
to  be  sucli ;  at  least  the  furnaces  erected  by  the  patentees  them- 
selves in  a  few  places  seem  to  go  on  comparatively  well.    It  must 
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also  be  noticed  that  the  worst  drawback  of  that  furnace^  its  great 
liability  to  breaking  down,  appears  to  be  largely  diminished,  if  the 
large  turn-out,  certainly  promised  by  the  inventors,  is  given  up 
and  a  weekly  make  of  40  to  50  tons  only  is  aimed  at.  The  furnace 
in  this  case  need  not  go  so  hot,  and  consequently  the  machinery 
does  not  suffer  to  any  thing  like  the  same  extent,  as  when  the  work 
is  pushed  on  so  fast. 

A  new  patent  taken  out  by  Jones  and  Walsh  (dated  May  5th, 
1877)  seeks  to  avoid  the  objections  made  to  their  furnaces  by  a 
radical  cure.  They  adopt  the  principle  long  proved  to  be  right  in 
metallurgical  operations  and  quite  recently  in  Mactear's  patent 
calcining-furnace,  viz.  fixed  stirring-gear  along  with  a  revolving 
pan  serving  as  furnace-bottom.  The  pan  consists  of  an  outer  part 
of  wrought  iron  and  an  inner  one  of  cast  iron ;  it  revolves  in  a 
footstep  below  on  a  spindle  passing  through  the  pan  and  protected 
against  the  chemicals  by  a  collar  attached  to  the  pan  itself.  The 
lower  edge  of  the  pan  is  provided  with  annular  toothed  gear,  by 
which  it  is  made  to  revolve;  the  upper  edge  with  a  depression 
running  all  round  it  and  forming,  with  a  ring  reaching  down  into 
it  from  the  fixed  furnace-roof,  a  sand  lute,  which  does  not  allow 
the  outer  air  to  get  in  or  the  fire  and  acid  gas  to  get  out.  The 
charging  and  discharging  of  the  pan  takes  place  by  means  of  a 
ladle,  which  is  lowered  down  to  the  bottom  of  the  pan  in  a  slanting 
position  and  left  there  fixed  whilst  the  pan  is  revolving,  so  that  the 
sulphate  is  pushed  into  the  ladle.  (This  process  has  not  been 
carried  out  yet,  and  seems  to  have  been  patented  merely  to  cover 
the  ground.) 

No  statements  have  been  published  on  the  exact  amount  of  Ay- 
drochloric  acid  obtained  in  Jones's  furnace.  The  author  is  able  to 
supply  such  from  the  works  of  Messrs.  Vorster  and  Griineberg,  of 
Cologne,  who  make  7\  tons  of  potassium  sulphate  per  24  hours  in 
such  a  furnace.  As  the  potassium  chloride  employed  already  con- 
tains 10  to  15  per  cent.  KgSO^,  the  theoretical  yield  of  acid,  on 
the  K3SO4  obtained,  only  amounts  to  36  per  cent.  Instead  of  this 
were  obtained  at  first,  in  summer,  5895  kilog.  acid  of  30°  Tw.= 1691 
kil.  HCl=22-5  per  cent.,  in  autumn  6550  kil.  of  31°  Tw.  =  1945 
kil.  HC1=27*3  per  cent,  on  the  sulphate.  The  quantity  has  quite 
recently  risen  to  7500  kilog.  acid,  half  32°,  half  29^  Tw.,  say  2175 
kilog.  HCl  or  29  per  cent,  on  the  K3SO4,  against  36  per  cent,  required 
by  theory ;  this  is  a  very  satisfactory  result  (comp.  Chapter  VIII.) . 
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In  spite  of  all  the  drawbacks  mentioned  and  of  decided  imper- 
fections in  the  furnace  of  Jones  and  Walsh^  it  is  a  fact  that  mecha- 
nical furnaces  for  decomposing  salt  are  already  now  successfully  at 
work^  both  in  England  and  Germany^  and  that  they  at  any  rate 
save  a  good  deal  of  labour  and  a  considerable  percentage  of  sul- 
phuric acid  (especially  if  employed  pretty  strong),  and  turn  out  a 
very  good  quality  of  sulphate.  Indeed,  in  1878,  new  furnaces  of 
this  kind  have  again  been  ordered  for  several  works.  Altogether 
up  to  the  autumn  of  1878  about  30  of  these  furnaces  had  been 
erected,  of  which,  however,  about  one  third  had  been  abandoned 
again,  owing  to  the  circumstances  mentioned  above. 

A  patent  of  Black  and  Hill  (dated  June  14th,  1877)  is  intended 
to  avoid  the  drawbacks  of  Jones  and  Walshes  furnace  by  reverting 
to  the  principle  of  carrying  on  the  operation  of  decomposing  in  two 
separate  stages.  The  pan  heated  from  above  and  provided  with 
revolving  stirrers  is  essentially  retained ;  but  only  that  function  is 
left  to  it  which  belongs  to  the  calcining-fumace  or  roaster  of  the 
ordinary  process.  The  first  action  of  the  vitriol  on  the  salt  takes 
place  in  a  special  apparatus,  also  provided  with  stirring-gear,  but 
heated  from  below  like  an  ordinary  decomposing-pan.  The  salt  is 
to  be  employed  dry,  the  acid  as  strong  as  possible,  and  both  heated 
by  the  waste  heat  of  the  apparatus.  The  latter  is  represented  by 
figs.  73  to  75,  Pig.  73  is  a  side  sectional  elevation,  fig.  74  an  end 
sectional  elevation,  fig.  75  a  sectional  plan.  A  is  a  cast-iron 
trough  set  in  the  brickwork  B,  and  provided  with  a  brick  roof; 
it  is  heated  by  the  waste  heat  of  the  furnace  I,  circulating  in  the 
flues  C  C.  On  the  top  there  is  a  man-hole  a  for  charging  the  salt, 
a  pipe  b  for  running  in  the  vitriol,  and  a  pipe  c  for  the  escape  of 
muriatic  acid  gas ;  the  openings  ddl  closed  by  slides  serve  for  the 
discharge  of  the  batch  when  it  has  attained  a  proper  consistence. 
The  contents  of  the  trough  are  agitated  by  the  stirrers  D  secured 
to  a  horizontal  shaft  E,  having  its  bearings  at  e  6  within  the  cylinder, 
so  as  to  obviate  the  necessity  of  stuffing-boxes  in  the  ends.  The 
rotary  motion  is  imparted  to  the  shaft  E  by  means  of  the  gearing/, 
the  vertical  shaft  F,  extending  through  the  top  of  the  cylinder,  and- 
of  bevel  gearing  g  from  another  horizontal  shaft  6  which  is  sup- 
ported in  bearings  hh  and  carries  on  a  driving-pulley  H.  The 
trough  A  is  about  11  ft.  long,  5  ft.  6  in.  wide,  and  4  ft.  6  in.  deep. 
The  charge  consists  of  from  2  to  5  tons  of  salt  along  with  the  cal- 
culated quantity  of  sulphuric  acid.     First  of  all  the  sulphuric  acid 
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is  run  in ;  then  70  to  80  per  cent,  of  the  salt  is  added^  and  at  the 
last  moment  only  the  remaining  20  to  30  per  cent,  of  salt.  Thus 
the  mass  remains  more  liquid,  which  is  favourable  to  rapid  evolu- 
tion of  the  hydrochloric  acid  gas,  and  moreover  prevents  the  chaise 
from  adhering  to  the  cylinder.  If  it  is  intended  to  get  as  much 
work  as  possible  out  of  the  apparatus,  the  trough  A  should  not  be 
heated  by  the  waste  heat  of  I,  but  by  an  independent  fire. 

The  trough  A  is  placed  at  about  three  feet  above  the  level  of  the 
finishing-iurnace  I,  and  so  that  their  edges  are  nearly  at  the  same 
perpendicular.  When  the  contents  of  the  trough  have  attained  a 
suitable  consistence,  the  slide  d  is  drawn  and  the  charge  is  allowed 
to  flow  through  a  shoot  rf*  (also  fitted  with  a  slide  d^)  into  the 
finishing-furnace.  This  consists  of  a  chamber  A',  heated  by  a  fire 
at  A^,  and  containing  a  fixed  circular  bed  or  trough  t,  in  the  centre 
of  which  is  arranged  a  vertical  revolving  shaft  *,  having  arma^/  with 
scrapers  m  attached  to  the  shaft,  which  is  suitably  supported  at  its 
lower  end  by  the  bed  and  at  its  upper  end  by  a  bearing  at  n,  and 
which  is  driven  by  means  of  the  gearing  and  shafts  opqrs  from 
the  engine.  This  construction  was  expected  to  effect  a  larger  pro- 
duction, a  saving  of  fuel  and  of  acid  (because  only  at  the  end  is  the 
latter  exposed  to  the  direct  action  of  the  fire),  and  better  conden- 
sation and  stronger  hydrochloric  acid  (owing  to  the  employment 
of  a  closed  trough  heated  from  below  and  the  avoidance  of  leaks 
through  bottom- joints).  Only  longer  experience  on  a  large  scale 
would  be  able  to  decide  whether  these  advantages  are  not  out- 
weighed by  the  multiplication  of  machinery  and  the  difficulty  of 
maintaining  this  in  proper  order,  especially  in  the  trough  A,  where 
it  is  in  contact  with  acid.  So  far  the  improved  furnace  does  not 
seem  to  have  commanded  as  much  success  as  was  expected  by  its 
inventors. 

Another  mechanical  furnace  has  been  patented  by  Cammack  and 
Walker  (March  3, 1876) .  It  is  extremely  ingeniously  planned,  but 
can  hardly,  it  seems,  be  carried  into  practice  with  the  mechanical 
means  at  our  command.  Its  principle  is  that  of  a  tube  into  one 
end  of  which  the  salt  is  introduced  mechanically,  along  with  the 
vitriol,  and  moved  forward  along  the  tube,  to  issue  at  the  other 
end  as  finished  sulphate,  the  hydrochloric  acid  being  given  off  in  a 
perfectly  even,  continuous  current.  The  apparatus  (figs.  7^  to  79) 
consists  of  a  cast-iron  cylinder,  1,  about  20  feet  long  and  3  to  4 
feet  wide,  supported  at  each  end  on  rollers,  2,  and  enclosed  in  the 
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fonia^e,  3 ;  4,  driving-gear  for  causing  the  cylinder,  1,  and  also  the 
scrapers  or  agitators  and  bar,  5,  to  revolve;  6,  fire-grate.  The 
products  of  combustion  pass  in  the  direction  of  the  arrows  to  the 
uptake  7 ;  8,  hopper,  from  which  the  salt  is  supplied  to  the  cylinder 
by  means  of  the  worm  9;  10,  inlet  pipe  for  sulphuric  acid;  11, 
outlet  for  the  finished  salt-cake ;  12,  waste-gas  exit.  The  salt  and 
acid  arrive  already  perfectly  mixed  in  the  cylinder.  This,  besides 
the  shaft  shown  in  the  drawing,  contains  another,  longitudinal, 
rtationary  shaft,  provided  with  teeth  which  scrape  the  sides  of  the 
cylinder  on  its  rotation,  and  which  are  intended  to  prevent  the 
caking  on  of  the  stuff.  The  other  shaft  (5)  revolves  in  the  oppo- 
site direction  to  the  cylinder  j  this  also  is  provided  with  teeth  or 
stirrers,  so  placed  that  they  continuously  move  the  mixtures 
towards  the  outlet  11.  The  hydrochloric  acid  gas  is  taken  away 
by  the  pipe  12  into  a  series  of  12-inch  glass  pipes,  where  it  is  con- 
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dnnsed  by  water  in  the  form  of  a  spray.  As  it  is  almost  pure  HCl, 
free  from  fire-gas  and  air,  50  feet  of  bucIi  pipes  are  said  to  suffice 
for  complete  condensation.  Such  a  cylinder  was  to  furnish  daily 
8  tons  of  salt-cake. 

This  very  interesting  furnace  was  erected  by  Messrs.  Golding 
and  Davis  at  Widnes,  but  was  soon  discontinued  again,  because 
the  mechanical  diEGculties  could  not  be  overcome.  The  two  shafts 
inside  the  cylinders,  for  which  no  intermediate  bearings  can  be 
provided,  soon  sagged  under  the  influence  of  the  heat.  Owing  to 
this  the  teeth  and  scrapers  did  not  work  properly ;  the  mixture, 
instead  of  evenly  moving  along  the  cylinder,  stuck  fast  to  the  sides 
of  the  cylinder  and  stopped  it  up.  As,  however,  this  furnace  would 
be  extremely  favourable  for  Deacon's  chlorine  process,  that  firm 
has  taken  it  up  again ;  the  result  of  their  experiments  so  far  is  not 
known. 
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The  process  with  cast-iron  decomposing-pans  is  distinguished 
from  that  which  is  carried  on  in  lead  pans  principally  by  this — 
that  it  can  be  accomplished  much  more  quickly^  because  greater 
heat  can  be  employed  and  there  is  no  fear  of  the  tools  injuring  the 
pan.  Working  for  a  large  turn-out  is  consequently  possible  with 
cast-iron,  but  not  with  lead  pans. 

The  pans,  after  moving  their  contents  into  the  roaster,  must  be 
cleaned  from  crusts  as  much  as  possible ;  to  purposely  leave  them 
in  the  pan,  as  is  prescribed  in  some  places,  is  a  grave  mistake ;  for 
in  the  unavoidable  interval  up  to  the  introduction  of  the  new  batch 
such  crusts  bum  fast,  and  cannot  be  dissolved  again,  causing  the 
pan  to  crack  before  its  time.     Nearly  all  cracks  in  pans  can  be 
traced  to  the  formation  of  crusts  through  unskilful  or  negligent 
work — except  such  as  are  owing  to  faults  in  casting,  to  bad  setting, 
or  to  fair  wear  and  tear;  the  former  will  come  out  almost  imme- 
diately  after  starting  a  new  pan,  the  latter  only  after  a  long  time. 
After  removing  the  crusts  the  pan  is  allowed  to  cool  down  a  little, 
by  opening  the  fire-door  or  by  shutting  off  the  gas  in  the  case  of 
gaseous  fuel ;  in  any  case  the  pan  must  cease  to  be  red-hot,  else  it 
will  sufier  from  the  cold,  damp  salt,  and  even  more  from  the  vitriol; 
at  the  best  the  evolution  of  hydrochloric  acid  will  in  this  case  be 
much  too  violent  and  cause  the  pan  to  boil  over,  blowing  off  gas 
throngh  all  the  joints,  and  rendering  the  condensation  incomplete. 
In  small  works  it  may  be  possible  to  do  as  some  advise — dry  and 
heat  the  salt  before  charging ;  in  large  works  this  would  be  too 
troublesome,  and  the  salt  is  nearly  always  put  into  the  pan  direct 
from  the  warehouse,  with  its  natural  moisture,  usually  varying  from 
2  to  7  per  cent,  according  to  circumstances.     It  is  mostly  shovelled 
in  at  the  working-doors.     Hoppers  for  charging  from  the  top  are 
not  frequently  found,  both  because  they  much  increase  the  weight 
upon  the  arch,  and  because  the  pan-men  have  at  any  rate  time  for 
that  work.     Besides,  the  pan-bottom  is  cooled  too  quickly  if  the 
whole  mass  of  salt  is  suddenly  let  down  into  it;    and  in  this 
case,  at  least,  the  vitriol  ought  to  be  heated  pretty  strongly  and 
mn  into  the  pan  first.    It  will  not  do  to  rely  upon  the  salt  suffi- 
ciently drying  and  heating  within  the  hopper  in  the  interval  before 
the  next  operation.     Usually  there  is  a  metal  plate  in  front  of  the 
working-door,  and  the  quantity  of  salt  weighed  off  for  each  charge 
has  previously  been  laid  down  upon  this  plate  against  the  pan- 
furnace,  so  that  nothing  is  left  to  do  but  to  shovel  it  in. 

i2 
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The  quantity  of  salt  taken  for  each  batch  varies  very  much  in 
different  works.  Batches  below  5  cwt.  of  salt  are  as  rare  as  those 
above  10  cwt.  for  open  roasters^  or  16  cwt.  for  close  roasters  (in  the 
latter  case  taking  twice  as  much  time).  The  usual  quantity  in 
English  works  is  8  or  9  cwt.  for  open  roasters,  14  to  15  cwt.  for 
close  roasters ;  on  the  continent,  where  close  roasters  are  all  but 
universal,  mostly  smaller  batches  are  made — for  instance,  at  Aussig 
12  batches  of  8  cwt.  each  in  24  hours,  at  Stolberg  8  batches  of 
6  cwt.  each  in  24  hours. 

On  the  purity  and  concentration  of  the  stdphuric  acid  we  have 
already  said  what  is  needful  (see  p.  42),  and  also  in  reference  to  its 
measuring,  heating,  and  running  in  (see  p.  70) .  As  to  the  tempe- 
rature of  the  vitriol,  manufacturers  are  not  agreed.  It  ought  never 
to  be  below  50°  C. ;  but  some  have  it  upwards  of  100°  C.  for  the 
pan,  the  hotter  the  sulphuric  acid  the  better;  but  if  it  is  too  hot, 
the  hydrochloric  acid  is  given  off  too  fast,  with  the  consequences 
previously  described ;  there  is  always,  therefore,  a  medium  to  be 
observed.  The  temperature  ought  to  be  always  approximately  the 
same,  in  order  to  regulate  the  quantity  of  the  vitriol — ^which  is 
always  measured,  and  whose  volume  is  considerably  altered  by 
great  changes  of  temperature ;  corrections  for  these  would  make 
the  measuring  very  complicated,  in  connexion  with  the  unavoidable 
corrections  for  differences  in  the  strength  of  the  sulphuric  acid  and 
the  degree  of  moisture  of  the  salt.  Usually  the  latter  is  tested  once 
a  day  in  the  laboratory,  and  special  tables  enable  the  workmen  to 
reduce  the  quantity  indicated  to  them  to  that  corresponding  to  the 
strength  of  acid  they  may  happen  to  receive  from  the  chambers. 

The  absolute  quantity  of  sulphuric  acid  would,  according  to 
theory,  amount  to  49  SO4H2  with  58*46  NaCl,  or  to  83*81  per  cent, 
of  real  sodium  chloride.  As  acid  of  144°  Tw.,  measured  at  15°  C, 
contains  78  per  cent.  SO4H2,  100  parts  of  real  NaCl  answer  to 
107*44  parts  of  vitriol  of  144°  Tw.  Now  real  NaCl  is  never  em- 
ployed ;  for  instance  for  a  95-per-cent.  salt  the  requisite  quantity 
of  acid  would  be  79*62  per  cent,  of  SO4HJ,  or  102*07  per  cent,  of 
acid  of  144^  Tw.  In  practice  somewhat  more  acid  must  be  em- 
ployed, especially  if  saltcake  for  alkali-works  has  to  be  made ;  but 
other  cases  may  occur  as  well.  If,  for  instance,  the  saltcake  is  to 
be  as  strong  as  possible,  more  than  the  theoretical  quantity  of 
vitriol  must  be  taken ;  for  as  it  is  impossible,  at  least  in  hand- 
worked furnaces,  to  mix  all  parts  exactly  and  instantaneously,  a 
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little  sulphuric  acid  will  already  be  volatilized  in  some  parts  of  the 
mixture^  where  it  is  in  excess^  whilst  undecomposed  common  salt 
remains  in  other  parts.  If^  therefore^  the  percentage  of  salt  is  to 
be  1  per  cent,  or  below,  a  little  more  vitriol  must  be  employed,  say 
1  or  1^  per  cent,  calculated  as  SO^,  in  addition  to  that  volatilized 
with  the  hydrochloric  acid  vapour. 

Some  of  the  largest  manufacturers  assume,  in  the  calculation  of 
the  sulphuric  acid  produced  at  their  works,  which  is  not  measured 
directly,  that  for  each  100  parts  of  salt  of  usual  moisture,  say  5  per 
cent.,  81*33  parts  of  SO4H2  are  employed  for  making  strong  sul- 
phate in  open  roasters.  In  the  same  case  the  author  himself  has 
found  82  per  cent,  necessary ;  and  he  has  obtained  from  other 
factories  the  figures  82*5  per  cent,  for  open,  and  79*3  or  80*8  per 
cent,  for  close  roasters. 

If,  on  the  other  hand,  the  sulphate  is  required  to  be  entirely 
free  from  acidy  for  this  very  reason  rather  less  than  the  theoretical 
quantity  of  vitriol  must  be  employed,  so  that  2  or  3  per  cent. 
NaCl  remain  in  the  finished  product.  This  should  not  be  done 
for  making  alkali. 

In  any  case  a  larger  excess  of  vitriol  is  used  in  open  than  in 
close  roasters — ^in  the  former  often  5  to  7  per  cent,  above  the 
theoretical  quantity,  because  the  greater  heat  and  the  direct  draught 
carry  away  a  portion  of  it  before  it  has  had  time  to  act  upon  the 
salt,  whilst  the  excess  required  for  the  slower  work  in  blind 
roasters  only  amounts  to  2  or  3  per  cent.  The  statement  of 
Wright  (Chem.  News,  xvi.  p.  17)  is  anyhow  exaggerated,  accord- 
ing to  which  the  average  loss  of  vitriol  in  open  roasters  would  be 
12*6  per  cent.,  that  in  blind  roasters  2  per  cent. ;  the  former  figure 
is  not  derived  from  his  own  experience,  but  from  second-hand 
information ;  and  it  is  in  decided  contradiction  to  the  experience 
of  the  Tyneside  factories,  all  of  them  working  with  open  roasters. 
We  shall  have  to  revert  to  this  matter  at  the  close  of  this  Chapter. 

In  Jones  and  Walsh's  mechanical  furnaces  a  little  less  sulphuric 
acid  is  used  than  even  in  blind  roasters,  just  because  the  mass  is 
much  better  mixed  up  and  especially  because  it  is  always  in  the 
state  of  fine  powder,  without  any  lumps  and  knots ;  for  in  the  in- 
terior of  the  lumps  there  is  most  facility  for  incompleteness  of 
decomposition;  consequently  those  furnaces  turn  out  sulphate 
containing  only  a  small  fraction  of  both  free  acid  and  common 
salt. 
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In  the  ordinary  process  such  lumps  are  formed  in  the  pan  only 
with  very  faulty  work ;  for,  under  normal  conditions,  the  whole  is 
at  first  dissolved  into  a  thin  mud,  which  only  gradually  thickens, 
but  never  solidifies ;  all  the  more,  however,  as  we  shall  see,  are 
lumps  formed  in  the  roaster. 

The  proper  quantity  of  acid  cannot  easily  be  determined  before- 
hand by  mere  calculations,  owing  to  the  complication  of  circum- 
stances coming  into  play ;  it  must  therefore  be  continually  checked 
by  testing  in  the  laboratory.  We  have  spoken  of  this  already  on 
p.  12. 

In  most  factories  the  residue  from  decomposing  the  nitrate  of 
soda,  the  nitre-cake,  is  put  into  the  pans  along  with  the  salt,  the 
quantity  of  sulphuric  acid  being  lessened  by  the  amount  of  that 
existing  in  the  nitre-cake  as  ^^free  acid''  (that  is,  as  bisulphate). 
It  is  preferable  for  regular  work  not  to  use  too  much  nitre-cake, 
at  most  one  tenth,  better  only  one  twentieth  of  the  salt ;  otherwise 
lumpy,  poor  sulphate  is  frequently  obtained.  Nitre-cake  is  mostly 
employed  in  large  lumps ;  but  it  is  much  better  to  grind  it,  in 
which  case  more  can  be  taken  and  the  quality  of  the  finished  pro- 
duct will  be  less  injuriously  affected. 

The  requisite  quantity  of  sulphuric  acid  is  frequently  run  into 
the  pan  before  the  whole  of  the  salt  has  been  shovelled  in,  by  which 
a  better  mixture  is  efiected.  In  any  case,  afterwards  it  must  be 
well  stirred  up  with  a  long-handled  rake,  till  the  acid  has  com- 
pletely penetrated  into  the  salt  and  a  thin  mud  has  been  formed  in 
which  the  tool  does  not  meet  with  any  resistance ;  this  is  called 
'^  dissolving  the  salt.''  Since  herein  a  very  strong  evolution  of 
gas  takes  place,  it  is  well  if  the  working-door  has  a  hole  through 
which  the  handle  of  the  rake  passes;  by  heaping  a  little  salt 
against  the  opening,  a  pretty  tight  closing  is  efiected.  At  this 
stage  the  mass  has  a  strong  tendency  to  rise  and  froth  over; 
consequently  a  little  tallow  is  now  added.  The  porous  com- 
mon pan-salt  dissolves  by  far  the  most  easily,  much  less  so  ground 
rock-salt,  as  we  have  seen  on  p.  41.  When  every  thing  has  been 
^'  dissolved,"  the  rake  is  drawn  back  so  that  its  blade  lies  close 
against  the  door,  where  it  is  less  exposed  to  the  acid ;  or  it  is  drawn 
out  altogether  after  opening  the  door.  In  any  case  the  latter  is 
now  closed  as  tightly  as  possible,  either  by  salt  thrown  against  it,  or 
even  by  plastering  it  with  clay  or  lime.  Well  fitting  cast-iron 
doors,  sliding  in  frames,  make  this  unnecessary,  but  do  not  resist 
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the  effect  of  the  acid  vapours  very  long.  The  door-frames  are 
consequently  mostly  made  of  acid-resisting  stone  or  of  stoneware^ 
as  well  as  the  frame  of  the  damper  separating  the  pan  from  the 
furnace.  The  door  itself  is  made  of  lead,  slate,  or  even  of  cast 
iron ;  but  then  it  lasts  only  a  short  time.  A  door  to  be  closed 
with  a  cross  arm  and  screw-bolt  has  been  already  shown  in  figs.  21 
and  22  (p.  53).  Most  usually  the  doors  are  only  loosely  placed 
against  the  frame,  and  luted  by  salt  belonging  to  the  next  charge. 

In  most  cases,  during  or  shortly  after  raking  up  the  fresh  batch, 
when  the  evolution  of  gas  is  most  vehement,  but  especially  on 
shoving  the  batch  from  the  pan  into  the  furnace,  the  escape  of  a 
little  hydrochloric  acid  gas  into  the  outer  air  cannot  be  prevented. 
If  the  condensing-apparatus  works  properly,  it  cannot  have  a  great 
draught ;  and  with  the  working-door  standing  open  this  draught 
frequently  will  not  suffice  for  removing  all  the  gas.  This  also 
holds  good  for  the  working-doors  of  the  roasters,  especially  on  dis- 
charging, and  even  for  the  damper  between  the  pan  and  the 
roaster.  In  order  to  avoid  a  nuisance  for  the  workmen  and  the 
neighbourhood,  it  is  advisable  to  fix  vapour-hoods  over  the  doors 
and  the  damper,  made  of  wood  or  light  cast  iron  &c.,  which  com- 
municate by  means  of  fireclay  pipes  with  a  well-drawing  chimney. 
The  quantity  of  acid  vapour  escaping  therein  is  mostly  so  incon- 
siderable that,  after  being  diluted  with  the  chimney-gas,  it  is  not 
perceivable.  If,  however,  this  source  of  escape  must  be  avoided 
by  any  means,  the  fireclay  pipes  may  be  conducted  into  a  small 
special  condenser ;  but  this  will  certainly  only  furnish  an  extremely 
weak  and  practically  worthless  acid.  A  hood  covering  the  whole 
furnace  is  shown  in  fig.  80. 

Works  with  very  large  condensing-space  can  employ  sufficient 
draught  to  dispense  entirely  with  hoods. 

When  the  *^ dissolvings^  is  finished,  the  mass  need  only  be 
stirred  up  once  every  quarter  of  an  hour;  but  now  the  fire  must 
be  increased  exactly  as  required  for  concentrating  the  mass. 
Generally  the  operation  in  the  pan  is  finished  much  sooner  than 
the  finishing  in  the  roaster ;  but  the  last  charge  must  by  all  means 
be  finished  and  drawn  out  of  the  furnace  before  the  batch  is  finished 
in  the  pan ;  for  otherwise  the  latter  becomes  too  stifp,  cakes  to  the 
pan,  and  cannot  be  got  under  at  all.  The  fire  must  be  regulated 
according  to  this,  and  also  in  such  a  way  that  the  boiling  does  not 
become  too  tempestuous.     On  the  other  hand,  the 'pan  should  not 
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work  so  slowly  that  the  furnace  must  wait  for  it  aod  stand  still  in 
the  meantime ;  but  this  will  hardly  ever  happen  if  the  sulphuric 
acid  be  above  124°  strong.  The  whole  operation  in  the  pan  lasts, 
in  the  case  of  open  roasters,  one  hour,  with  close  roasters  from  2 
to  2^  hours,  on  the  continent  even  longer,  according  to  the  time 
the  batch  stops  in  the  roaster. 

A  peculiar  style  of  working  has  been  introduced  by  the  New- 
castle Chemical  Works  at  Gateshead.  Their  pans  are  larger  than 
usual ;  18  cwt.  of  salt  are  treated  in  them  at  a  time.  Every  boor 
one  half  of  the  batch  is  shoved  into  the  (open)  roaster,  and  another 
9  cwt.  of  salt,  together  with  the  corresponding  quantity  of  sulphuric 
acid,  is  put  into  the  pan.  In  this  way  the  pan  never  becomes 
empty,  except  at  the  end  of  the  week,  and  suffers  much  less  than 
usual,  so  that  up  to  4000  tons  of  sulphate  can  be  got  out  of  it 
l>efore  it  becomes  useless.  The  work  is  done  in  the  following 
way  : — On  beginning  the  week,  18  cwt.  of  salt  and  acid  to  corre- 
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spond  are  introduced  into  the  pan ;  when  the  mass  has  thickened 
up  to  the  usual  pointy  half  of  it  (by  the  judgment  of  the  eye)  is 
shoved  over  into  the  furnace ;  then  the  sulphuric  acid  requisite  for 
another  9  cwt.  of  salt  is  run  in,  the  mass  raked  through,  4^  cwt. 
of  salt  added,  raked  through  again ;  the  fire  is  touched  up,  the 
last  4^  cwt.  of  salt  are  added,  raked  through,  and  the  batch  finished 
in  the  usual  manner ;  when  it  has  become  stiff,  half  of  it  is  again 
shoved  into  the  Aimace,  and  so  forth.  This  style  of  work  has  been 
very  successful,  and  has  been  introduced  by  several  other  large 
factories. 

The  batch  in  the  pan  is  considered  finished  when  the  cake  cannot 
be  drawn  backwards  and  forwards  with  ease,  but  offers  considerable 
resistance  owing  to  the  stif^ess  of  the  mass.  If  the  setting  of  the 
pan  is  faulty,  lumps  cake  on  the  hot  places  of  the  pan,  which 
are  only  dispersed  with  difSculty  or  not  at  all.  Supposing  the 
contents  of  the  pan  to  have  become  stiff,  and  the  roaster-bed  to  have 
become  empty  in  the  meantime,  the  damper  is  raised,  the  pan-door 
opened,  and  the  stirring-up  rake  (fig.  81  c)  replaced  by  the  tool 
that  serves  for  moving  the  batch.  For  pan-doors  opposite  to  each 
other  (shoving-pans)  this  is  a  *'  shoving-rake,^'  fig.  81  d,  the  profile 
of  which  is  the  same  as  that  of  the  pan ;  for  pans  with  doors  at 
right  angles  to  each  other  (casting-pans)  a  large  hollow  ^^  casting- 
shovel^'^  fig.  81  e;  and  whilst  the  pan-man  moves  the  contents  of 
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the  pan  iuto  the  furnace,  the  fdrnace-man  from  his  door  at  once 
spreads  the  charge  evenly  over  the  whole  fumace-bed. 

The  calcining-fumace,  before  the  charge  is  moved,  should  be  at 
a  bright-red  heat,  just  as  it  will  be  after  finishing  the  previous 
charge.  With  blind  roasters,  at  least,  the  arch  should  always  re- 
main red-hot,  so  that  something  can  be  seen  inside.  The  fresh 
batch,  of  course,  greatly  cools  the  furnace ;  and  its  interior  becomes 
even  less  visible  in  consequence  of  the  thick  white  acid  vapours 
given  off.  The  mass  is  spread  over  the  fumace-bed  with  great 
care, — if  the  furnace  is  a  double-bedded  one,  on  the  top  (back) 
bed ;  there  it  is  first  allowed  to  dry  and  is  turned  over  every  quarter 
of  an  hour,  employing  partly  the  paddle  or  slice,  fig.  81  a,  partly  the 
tooth-rake,  fig.  81  b.  In  Lancashire  the  latter  tool  is  less  used  than 
the  former;  but  it  contributes  very  much  to  an  even  working-up 
of  the  mass,  as  it  prevents  the  formation  of  lumps.  All  the  tools 
are  made  entirely  of  wrought  iron,  the  handles  ^  or  1  inch  thick, 
and  12  to  15  feet  long.  The  working-parts  of  the  paddles,  rakes,  &c. 
being  also  made  of  wrought  iron,  are  much  lighter  than  those  of 
the  ball-fumaces,  whose  heat  is  much  greater;  but  they  are 
quickly  spoilt  by  the  acids  and  must  be  frequently  renewed. 

In  order  to  take  part  of  the  weight  off  the  men,  there  are  always 
in  front  of  the  working-doors  horizontal  bars  fixed,  with  a  few 
projections  on  the  top ;  and  hooks  hang  down  from  the  ceiling, 
for  supporting  the  back  part  of  the  tools. 

When  once  lumps  have  been  formed,  they  can  only  be  broken 
or  crushed  with  the  paddle,  which  ought  to  be  done  in  any  case. 
If,  however,  the  batch  has  become  too  hot  next  to  the  fire-bridge, 
it  there  fiuxes  and  cannot  be  got  under  with  the  tools.  This  is 
the  worst  thing  which  can  happen,  because  such  hard  lumps  are 
scarcely  workable  in  the  baU-Aimace ;  it  occurs  especially  with 
inexperienced  men,  and  can  only  be  avoided  by  frequently  moving 
away  the  stuff  next  to  the  firebridge  and  replacing  it  by  other 
stuff.  Weak  sulphate,  containing  much  salt,  fluxes  much  more 
readily  than  strong  sulphate.  All  this  is  much  more  easily  done 
in  open  roasters,  because  the  workman  can  always  see  what  he  is 
doing.  Their  beds,  for  an  equal  make,  need  .only  be  half  as  large 
as  those  of  blind  roasters. 

Often  open  furnaces  have  two  or  even  three  beds,  sometimes  in 
the  shape  of  terraces,  or  merely  marked  by  the  greater  length  of 
the  furnace  and  the  arrangement  of  the  working-doors.     In  this 
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case  tlie  batch  coming  from  ttie  pan  is  first  spread  oa  tite  back  or 
top  bed,  uid  moved  forwards  to  the  front  bed,  wbich  is  much 
hotter,  when  the  previous  batch  has  been  drawn  out  from  the  latter. 
Thus  the  sulphate  remains  twice  or  three  times  as  long  in  the  fur- 
tatx  as  in  single-bedded  furnaces,  and  can  be  finished  at  greater 
leisure.  If,  for  instance,  a  batch  is  made  in  the  pan  once  an  hour, 
this  batch  remains  one  hour  on.  the  cooler  back  bed  and  another 
tour  on  the  hotter  front  bed  before  it  is  drawn  out.  In  blind 
roasters  the  batch  is  usually  at  once  spread  evenly  over  the  whole 
bed,  because  here  the  dificrences  of  temperature  are  not  very  con- 
siderable. 

The  calcining  work  is  only  then  finished  when  no  more  vapours 
are  given  off  by  the  mass,  even  on  turning  over,  and  when  it  is 
pretty  red-hot ;  but  it  ought  not  to  attain  the  fluxing  point  at  any 
place.  It  is  now  drawn  out  by  means  of  rakes,  fig.  81  c,  into  iron 
barrows,  adapted  for  tipping  over.     Pig.  82  shows  such  a  barrow 


of  the  shape  usnal  in  England.  They  suffer  a  good  deal  from  the  . 
acid  sulphate ;  and  their  upper  portion  must  be  frequently  renewed. 
At  large  works  there  is  often  a  railway  mnning  along  the  furnaces, 
and  four-wheeled  trucks  run  upon  tbis  up  to  the  furnace-doors. 
In  front  of  these  there  is  always  a  metal  plate,  because  some  sul- 
phate is  always  spilt,  which  must  be  kept  clean ;  the  front  of  the 
fiimace  below  the  door  must  be  protected  in  a  similar  manner. 

In  many  cases  the  finished  sulphate  is  not  drawn  directly  into 
the  barrow,  because  in  this  operation  the  escape  of  acid  vapours 
could  not  be  avoided  (which  in  populous  districts  might  amount  to 
m  nuisance) ,  bat  it  is  dropped  into  a  cave  below  or  in  front  of  the 
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furnace^  by  means  of  a  hole  in  the  furnace-lid  usually  kept  closed ; 
here  it  can  cool  down  before  it  is  t^ken  out.  This  arrangement  is 
very  rarely  found  in  English  works ;  with  the  hard-pushed  style 
of  work  in  use  in  this  country  it  could  scarcely  be  carried  out^ 
not  merely  because  it  requires  much  labour  to  move  the  sulphate 
twice  instead  of  once,  but  especially  because  the  taking-out  of  the 
sulphate  from  the  cave  would  interfere  with  the  furnace-work,  and 
there  are  not,  as  is  usual  on  the  continent,  long  intervals  between 
the  charges  which  might  be  utilized  for  emptying  the  cave. 

It  is  just  this  part  of  their  operations  which  renders  the  English 
alkali-makers  the  objects  of  many  complaints  from  their  neigh- 
bours, if  their  sulphate-furnaces  and  warehouses  are  not  at  a  good 
distance  from  public  roads,  fields,  &c.  Such  complaints  are  met 
to  some  extent  if  care  is  taken  at  once  to  cover  the  hot  sulphate  in 
the  barrows  and  the  storehouse,  which,  especially  in  damp  weather, 
emit  much  vapour  with  a  thin  layer  of  cold  sulphate. 

The  vapour  given  off  by  fresh  hot  sulphate  consists  mostly  of 
sulphuric  acid  or  anhydride,  if  the  operation  has  been  so  conducted 
as  to  furnish  a  strong  saltcake,  but  of  hydrochloric  acid  in  the  case 
of  weak  saltcake  (with  8  per  cent.  NaCl  or  more) .  The  prickling 
smell  of  the  latter  acid  on  drawing  the  batch  permits  a  kind  of 
judgment  to  be  given  upon  the  strength  of  the  saltcake. 

Whether  the  work  in  the  furnace  has  been  good,  is  judged  partly 
by  the  appearance  of  the  sulphate,  partly  by  testing.  We  have 
described  on  p.  12  the  appearance  which  good  sulphate  ought  to 
present :  it  should  be  a  finely-grained,  yellowish- white  mass  free 
from  lumps.  The  red  colour  often  exhibited  by  the  lumps  does 
not  exactly  prove  that  they  contain  more  iron  than  the  remainder, 
but  merely  that  the  iron,  contained  in  the  white  sulphate  as  nearly 
colourless  sulphate,  has  passed  over  into  red  ferric  oxide  at  the 
higher  heat  which  has  caused  the  lumps  to  be  formed. 

The  lemon-colour  shown  by  hot  sulphate,  even  such  as  becomes 
quite  white  on  cooling,  seems  after  all  to  come  from  iron ;  for  it 
is  not  shown  by  the  sulphate  made  in  Jones  and  Walsh's  furnace, 
which  contains  less  iron. 

For  any  irregularities  in  the  outward  appearance  of  the  sulphate, 
such  as  lumps,  fluxings,  unequal  calcination,  &c.,  the  furnace-man 
(roaster-man)  will  have  to  be  made  responsible, — ^also  if  the  ana- 
lysis shows  that  much  free  acid  is  present  along  with  much  unde* 
composed  salt.     But  if  a  fair  average  sample  shows  only  either  too 
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much  salt  or  too  much  acid^  this  is  the  fault  of  the  pan-man^  and 
the  mixture  has  then  to  be  changed.  Sulphate  not  containing 
above  ^  per  cent,  free  NaCl  and  1  per  cent,  free  acid  (calculated  as 
SO9)  may  be  called  very  good;  even  1  per  cent.  NaCl  and  1^  per 
cent,  free  acid  are  still  quite  admissible ;  but  these  two  limits  of 
fair  sulphate  ought  not  to  occur  at  the  same  time ;  for  if  they  do^ 
the  calcining  must  have  been  bad. 

The  yield  of  sulphate  upon  the  salt  decomposed  depends  on  the 
quality  of  the  salt  and  the  care  of  the  men.  In  England^  from 
common  salt  containing  from  6  to  8  per  cent,  of  moisture  a  yield 
of  at  least  110  per  cent,  of  sulphate  is  expected;  some  calculate 
112  per  cent. ;  but  the  author  and  other  manufacturers  known  to 
him  have  never  got  this  yield  for  any  length  of  time  when  accu^ 
rately  controlling  all  the  figures^  although  it  may  be  got  occasion- 
ally under  specially  favourable  circumstances.  With  drier  salt^  of 
course^  a  higher  yield  will  be  obtained.  Pure  NaCl  would  theo- 
retically yield  121*45  per  cent,  of  S04Na5,  or  salt  with  7  per  cent, 
moisture  (the  other  impurities  remain  in  the  product)  112'9  per 
cent,  of  sulphate,  without  calculating  the  free  acid.  The  loss  by 
absorption  in  the  furnace-bed^  spilling^  &c.  can  only  amount  to 
a  small  percentage. 

The  statements  of  the  Belgian  Commission,  according  to  which 
some  works  only  obtained  109,  108,  and  102  parts  respectively  of 
sulphate  from  100  of  common  salt,  either  prove  an  error  in  the 
figures  (especially  for  the  last  case)  or  an  extremely  careless  style 
of  work.  Chandelon  reports  (Bull.  Soc.  d'Enc.  1871,  p.  323)  the 
result  of  exact  trials  with  three  furnaces  at  Bisle,  where  from 
2700  kilogs.  salt,  containing  2432  kilogs.  NaCl,  3113  kilogs.  sul- 
phate (=115  per  cent.)  were  obtained;  but  it  is  not  stated  how 
much  of  the  278  kilogs.  of  the  crude  salt  present  otherwise  than  as 
NaCl  consisted  of  moisture  and  how  much  of  other  impurities. 
At  a  Rhenish  works  the  regular  yield  is  stated  at  119  per  cent,  of 
the  salt,  which  even  with  dry  salt  seems  extraordinarily  high ;  116 
to  117  per  cent,  is  generaUy  considered  very  satisfactory.  The  yield 
from  the  very  pure  salt  of  New  Stassfurt,  which  regularly  tests 
99  per  cent,  of  NaCl,  is  actually  120  per  cent. 

We  have  already  seen,  in  Chapter  XV.  of  Book  I.,  that  it  has  of 
late  become  quite  usual  in  England  to  refer  the  yield  of  sulphate 
direct  to  the  pyrites  consumed,  so  as  to  be  independent  of  the 
estimation  of  the  sulphuric  acid  produced,  which  certainly  can  in 
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no  case  be  called  altogether  trustworthy.  In  this  way  the  difference 
between  open  and  blind  roasters  as  to  their  consumption  of  vitriol 
becomes  very  clear.  In  the  best  works  on  the  Tyne  (all  of  them 
working  with  open  roasters)  100  parts  of  48-per-cent.  pyrites  only 
yield  175  to  178  parts  of  97-per-cent.  sulphate;  185  may  be  called 
the  maximum.  The  true  average  yield  in  the  best  works  is^  upon 
100  parts  of  sulphur  charged  into  the  kilns  (not  actually  burnt), 
about  380  parts  of  sulphate— or,  assuming  that  4  per  cent,  of  sulphiur 
is  left  in  the  cinders  (=3  per  cent,  of  the  sulphur  in  the  pyrites),  on 
100  parts  of  sulphur  actually  burnt,  405  parts  of  sulphate.  In 
Lancashire,  with  blind  roasters,  it  is  asserted  that  195  to  200  parts 
of  sulphate  are  got  from  100  pyrites.  In  most,  if  not  in  all,  cases 
this  assertion  undoubtedly  rests  either  upon  self-deception  or  upon 
the  fact  that  very  poor  salt-cake  is  made;  it  would  answer  to 
406-417  sulphate  upon  the  sulphur  charged,  or  433-444  sulphate 
upon  the  sulphur  actually  burnt.  In  a  factory  acknowledged  to 
be  one  of  the  best-managed  in  all  England,  only  430  parts  of  97- 
per-cent.  sulphate  are  obtained  upon  100  parts  of  sulphur  actually 
burnt.  This  certainly  is  6  per  cent,  more  than  the  above-mentioned 
yield  with  open  roasters.  From  the  figures  of  a  celebrated  French 
works,  fully  authenticated  to  the  author,  a  yield  of  only  405  parts 
of  sulphate  upon  100  parts  of  sulphur  is  calculated,  and  that  with 
blind  roasters — that  is,  no  more  than  good  English  works  obtain 
with  open  roasters ;  probably  there  was  in  this  case  a  larger  loss  in 
the  manufacture  of  sulphuric  acid. 

For  the  manual  labour  in  decomposing,  in  England,  one  man  per 
shift  is  required  for  the  pan,  who  also  has  to  wheel  the  salt  and 
coals  and  to  run  the  acid ;  for  the  roaster  usually  two  men  are 
employed,  who  have  also  to  wheel  away  the  sulphate.  If  less  than 
8  cwt.  of  salt  are  decomposed  per  hour,  only  one  roaster-man  is 
needed.  Consequently  with  blind  roasters  three  men  in  12  hours 
make  about  5  batches  of  15  cwt.  of  salt,  =4  tons  3  cwt.  of  sul- 
phate, with  open  roasters  usually  12  charges  of  8  to  10,  or  even 
10^  cwt.  of  salt,  =  5  tons  6  cwt.  to  6  tons  1 2  cwt.,  or  6  tons  18^  cwt. 
of  sulphate.  They  are  always  paid  according  to  the  quantity  of  sul- 
phate got  out.  With  mechanical  ftunaces  the  labour,  of  course,  is 
much  less  (p.  105) . 

The  consumption  of  coals  for  the  pan  at  a  good  English  works 
over  a  long  period  of  time  was  stated  to  the  author  at  15*1  lb.,  that 
of  coke  for  the  open  roaster  at  23  lb.  per  100  lb.  of  sulphate.    The 
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author  himself  has  required  a  good  deal  less^  viz.  only  12  lb.  of 
coals  and  14-3  lb.  of  coke,  probably  because  the  work  was  not 
pushed  quite  so  hard.  We  cannot  give  any  numerical  statements 
from  works  where  blind  roasters  are  employed  and  the  pans  are 
fired  separately.  The  statements  respecting  works  with  blind 
roasters  and  the  pans  fired  by  the  waste  heat  of  these  are  very  con- 
tradictory;  a  German  works  states  its  consumption  of  coals  at  34^ 
a  French  one  at  28  to  32,  another  French  one  at  46  parts  of  coals 
to  lOO  parts  of  sulphate.  According  to  the  Belgian  Report  of  1855 
(p.  63)  the  Moustier  works  averaged  120  kUog.  of  coals  to 
300  kilog.  salt — ^that  is,  37  parts  to  100  parts  of  sulphate ;  the 
Risle  works,  133  coals  to  351  salt — ^that  is,  35  coals  to  100  sul- 
phate. 
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CHAPTER  IV. 

THE  MANUFACTUBE  OF  SULPHATE  BY  THE  HAEGREAVES 

PROCESS. 


Already  in  a  preceding  Chapter  (p.  29)  we  have  treated  of  the 
manufacture  of  sulphate  without  the  intervention  of  sulphuric  acid^ 
by  the  direct  action  of  sulphurous  acid^  air^  and  steam  upon  sodium 
chloride.  Patents  referring  to  this  process  have  been  taken  out^ 
in  1850  by  Gossage^  in  1853  by  Robb,  in  1856  by  Armbruster  and 
Laist,  in  1856  by  Remond,  in  1857  by  Brooman^  in  1858  by  Mes- 
dach^  in  1868  by  Thibierge;  also  Longmaid^s  process  (1842)^  itself 
the  revival  of  a  much  older  process^  applies  the  reaction  that  comes 
into  play  here,  certainly  in  a  very  different  manner  from  the 
present.  A  decisive  step  was  the  local  separation,  first  mentioned 
in  Brooman's  patent  (1857),  between  the  evolution  of  sulphurous 
acid  from  pyrites  and  its  action  upon  salt.  For  this  reason  a  patent 
of  Konigs  and  Henderson  (June  22nd,  1871),  which  reverts  to  a 
mixture  of  ferric  oxide  and  salt,  without  any  other  novelty  of  im- 
portance, has  never  had  any  practical  success. 

None  of  the  former  proposals  was  successful;  even  the  first- 
mentioned  patent  of  Brooman^s  has  never  been  carried  out  prac- 
tically ;  and  since  the  possibility  of  utilizing  that  reaction  entirely 
depended  upon  several  accessory  circumstances,  and  especially  upon 
the  technical  details  of  the  apparatus,  the  merit  of  inventors  can- 
not be  denied  to  those  two  meu  whose  mutual  efforts  at  length  made 
the  process  successful — especially  since  they  only  reached  their  goal 
after  years  of  incessant  toil  and  after  spending  large  sums  of  money. 
The  cost  of  the  many  patents  taken  out  by  Hargreaves  and  Robin- 
son in  itseK  represents  a  small  fortune.  Most  of  these  patents 
certainly  were  only  tentative  and  of  no  practical  use. 
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Hargreaves  and  Robinson^  of  course,  do  not  pretend  to  have  been 
inventors  of  the  process  of  making  sulphate  by  the  action  of 
sulphurous  acid  upon  common  salt  in  the  presence  of  air  and 
steam ;  they  only  claim  to  have  made  that  process  practicable  by 
more  than  20  patents.  The  first  of  these  dates  from  January  7th, 
1870.  It  only  gives  an  outline  of  the  process ;  whilst  two  subse- 
quent patents,  of  November  8th,  1870,  already  had  all  the  essential 
features  of  the  apparatus  now  in  use,  but  with  this  great  difierence, 
that  the  gas  still  rose  upwards  in  the  cylinders.  In  their  fourth 
patent,  of  July  4th,  1871,  they  introduced  the  following  important 
improvements  : — 1st,  passing  the  mixed  gases  in  a  downward 
direction  through  the  chlorides,  by  which  a  more  uniform  efEect  is 
produced  j  2nd,  employing  cast-iron  vessels  in  lieu  of  brick  cham- 
bers; 3rd,  combining  a  series  of  such  vessels  in  a  methodical  way, 
and  arranging  cast-iron  gas-flues,  forcing  the  gas  to  act  gradually 
upon  more  and  more  changed  salt,  so  that  the  fresh  gaseous  mixture 
always  comes  into  contact  with  nearly  finished  sulphate,  and  the 
almost  spent  gases  with  fresh  salt,  precisely  as  in  the  methodical 
lixiviation  of  black  ash. 

Undeniably  these  improvements  have  been  of  decisive  import- 
ance. The  reason  why  this  process,  like  other  pneumatic  processes, 
for  instance,  that  of  Deacon  for  generating  chlorine,  works  much 
more  completely  if  the  gases  travel  downwards,  has  been  treated  of 
in  a  long  paper  of  Hurter's  in  Dingl.  Joum.  ccxxiii.  p.  200.  He 
first  quotes  Hargreaves's  own  explanation,  according  to  which,  in 
an  apparatus  of  large  sectional  area,  some  places  are  often  hotter 
than  others;  the  hotter  places  behave  towards  the  colder  ones 
similar  to  a  chimney ;  if  the  gaseous  current  travels  upwards,  the 
velocity  of  the  gas  in  the  hotter  places  is  even  increased,  the  tem- 
perature rises  still  more,  and  thus  an  originally  small  difierence  in 
temperature  ultimately  gives  rise  to  considerable  diversities.  On 
the  other  hand,  if  the  current  of  gas  travels  downwards,  the  hotter 
places  allow  less  gas  to  pass  than  the  colder  ones,  because  the 
downwards  velocity  is  lessened  by  an  amount  corresponding  to  the 
difference  of  temperature ;  instead  of  the  chemical  activity  being 
increased,  it  is  calmed  down;  and  thus  the  apparatus  always 
has  a  tendency  to  equalize  any  differences  of  temperature  oc- 
curriog. 

The  gaps  in  this  explanation,  which  at  most  can  only  refer  to 
temperatures  below  300°  C,  have  been  filled  up  by  Hurter  by 
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means  of  mathematical  reasonings.  If  the  temperatures  are  above 
800°  C.  (which  is  the  case  in  Hargreaves^s  apparatus)^  in  Hurter's 
opinion^  everywhere,  even  if  the  gases  travel  upwards^  less  gas  will 
pass  through  in  the  hotter  than  in  the  colder  places^  and  conse- 
quently^ even  with  the  gases  carried  upwards^  the  same  safety  of 
treatment  can  be  attained  as  with  the  gases  carried  downwards^ 
provided  that  the  velocity  of  the  gas  is  equal  to  that  which  would 
have  been  generated  by  the  difference  in  temperature  alone.  This 
condition^  however^  is  very  difficult  to  maintain  in  practice ;  and, 
in  particular^  it  does  not  exist  either  in  Hargreaves's  or  in  Deacon's 
process.  Consequently  the  ultimate  conclusion  is  this — ^that  after 
all  a  downward  current  of  the  gases  is  always  preferable  to  an  up- 
ward current^  if  heat  is  given  off  in  the  reaction.  It  is  true  that 
not  every  cause  of  disturbance  is  avoided  in  this  manner,  and  pneu- 
matic processes  still  remain  subject  to  irregularities ;  for  with  a 
large  sectional  area  of  the  vessels  a  perfectly  equal  division  of  the 
gas  all  over  the  space  is  extremely  difficult,  and  only  when  the 
resistance  is  a  comparatively  large  one  can  it  be  even  approximately 
effected.  The  principal  cause  of  the  irregularity  of  pneumatic  pro- 
cesses is  the  considerable  difference  of  temperatures,  unavoidable 
in  large  apparatus ;  and  the  efforts  of  manufacturers  must  therefore 
always  be  directed  to  filling  such  apparatus  as  equally  as  possible^ 
and  heating  them  just  as  equally.  The  latter  is  best  accomplished 
by  applying  the  above-mentioned  principle  to  the  heating-apparatus 
itself — ^that  is,  by  introducing  the  fire-gas  from  the  top,  and  draw- 
ing it  away  from  below. 

An  equal  heating  of  the  whole  apparatus  was  really  impossible 
with  the  former  brick  chambers,  which  required  such  a  strong  fire 
for  the  heat  to  penetrate  through  them  that  the  heating  could  not 
be  kept  sufficiently  even.  The  introduction  of  cast-iron  vessels 
accordingly  marked  a  great  progress.  The  patent  of  Hunt  (Sept. 
8th,  1873),  replacing  the  iron  chambers  by  brick  chambers  made 
as  gas-tight  as  possible,  was  a  step  backwards,  and  has  not  met  with 
any  success.  A  further  patent  of  Hunt's  (Sept.  2nd,  1874)  pre- 
scribes placing  the  chambers  directly  above  the  pyrites-burners,  in 
order  to  lose  as  little  heat  as  possible ;  but  the  difficulties  of  build- 
ing and  of  charging  are  greatly  increased  thereby ;  and  to  heat 
equally  is  all  but  impossible  in  this  way ;  nor  does  this  proposal 
seem  to  have  been  carried  out  anywhere.  No  more  is  this  the  case 
with  a  construction  patented  by  Hargreaves  and  Bobinson  them- 
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selves  on  Feb.  4tli,  1874,  viz.  a  sheet-iron  caaing  between  two 
layers  of  brickwork. 

The  most  important   of  H.  and  R.'s   improvements  was,  of 
course,  that  of  systematically  utilizing  the  burner-gas,  so  that  it 
leaves  the  apparatus  at  least  as  free  from  sulphurous  acid  as  the 
gas  leaving  sulphuric-acid  chambers.     The  description  following 
below  will  make  this  clearer.    Apart  from  several  patents  referring 
to  minor  matters,  that  of  Oct.  16th,  1872,  contains  the  most  ex- 
plicit descriptions  and  drawings  of  Hargreaves^s  apparatus  as  it 
still  exists — with  one  exception,  referring  to  one  of  the  principal 
difficulties  of  the  process,  viz.  that  of  moulding  the  salt.     The  salt 
ought  to  possess  a  sufficient  degree  of  porosity  to  make  it  completely 
permeable  to  gases ;  and  it  ought  also  to  fill  the  large  chambers  in 
such  a  way  that  the  gases  must  traverse  it  quite  uniformly.     It 
cannot  possibly  be  employed  in  the  state  of  powder,  because 
then  the   gas  would  not  penetrate  through  it  at  all,  especially 
after  a  crust  of  sulphate  had  been  formed ;  it  must  therefore  be 
formed  into  lumps.     These  lumps  must  be  sufficiently  consistent 
to  bear  the  pressure  of  the  superjacent  mass,  and  yet  porous 
enough  to  be  penetrated  by  the  gas  to  their  innermost  core  and  to 
be  completely  converted  into  sulphate.     The  solution  of  this  pro- 
blem has  only  been  accomplished  during  the  last  few  years  ;  and 
the  extension  of  the  process  has  been  greatly  retarded  by  this 
circumstance.     Hargreaves  himself  proposed  (and  up  to  the  most 
I'ecent  period  it  was  actually  done)  to  moisten  the  salt  and  to  dry 
it  very  gradually  on  metal  plates,  preferably  heated  by  some  waste 
heat ;  lumps  are  formed  in  this  way,  which  are  suitably  broken  up 
by  fluted  rollers.    The  best  results  are  obtained  if  the  salt  is  very 
fine  previously  to  being  moulded  into  lumps ;  and  for  this  reason 
the  very  fine  '^  butter  salt,''  or  "  coal  salt,''  obtained  by  top  heat 
according  to  Pohl's  process,  is  most  suitable  for  this  purpose — 
whilst  otherwise  that  salt  can  be  applied  to  very  few  uses,  owing  to 
its  being  discoloured  by  soot.     In  Hargreaves's  apparatus  the  soot 
is  simply  burnt  off.     Ordinary  common  salt  is  usually  employed ; 
but  ground  rock-salt  is  equally  applicable,  and  is  decomposed  as 
completely  as  common  salt,  only  not  quite  so  quickly.    In  practice 
only  10  per  cent.,  or  at  most  25  per  cent,  rock-salt  is  employed 
along  with  common  salt,  both  on  account  of  the  red  colour  (from 
Fe^Os)  of  the  English  rock-salt  and  on  account  of  its  slower  decom- 
position. 

k2 
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Since  the  salt  dried  in  this  way  adheres  very  firmly  to  the  metal 
plates  or  to  any  other  material  tried  for  this  purpose^  a  remedy  was 
found  in  first  covering  the  plates  with  a  2-  or  3-inch  layer  of  fine 
dry  salt^  levelling  this^  and  then  putting  upon  it  a  4-  or  5-inch  layer 
of  moistened  salt^  in  which  furrows  are  made  by  a  shovel^  marking 
off  cakes  8  to  12  inches  square^  in  order  to  assist  the  escape  of 
steam  and  to  remove  the  salt  more  easily.  The  moistening  of  the 
salt  has  been  done  for  some  time  past  by  the  exhaust-steam  of  an 
engine  (for  instance^  that  driving  the  Roots  blower :  see  below) . 
The  salt  must  necessarily  be  employed  quite  dry  in  the  cylinders ; 
otherwise  the  process  goes  on  irregularly^  because  any  moisture 
present  evaporates  in  places,  condenses  in  cooler  parts  of  the  cy- 
linder^  dissolves  the  salt^  and  forms  dense  lumps  impermeable  to 
the  gas. 

On  drying  by  this  process,  hard,  flat  cakes  are  obtained,  which 
must  be  broken  into  pieces  of  about  1^  inch  diameter.  This,  how- 
ever, causes  the  formation  of  much  smalls,  which  must  again  be 
subjected  to  the  moistening  and  drying  process ;  this  costs  much 
labour  and  fuel ;  and  the  pieces  obtained  were  nothing  like  regular 
enough  to  permit  the  filling  of  the  cylinders  to  be  perfectly  even. 
Altogether  the  drying  process  took  much  labour,  space,  and  fuel 
also,  since  waste  heat  was  not  found  sufficient  for  it.  Many  pro- 
posals have  therefore  been  made  to  avoid  these  inconveniences. 
Thus  Hunt  patented  (June  10th,  1874)  the  employment  of  common 
salt  in  the  shape  of  regular  blocks,  perforated  with  holes  at  short 
distances;  the  holes  were  to  cause  the  gases  to  penetrate  more 
thoroughly  into  the  lumps,  and  also  to  produce  a  better  draught ; 
half  the  time  of  decomposing  was  expected  to  be  saved  in  this  way. 
A  similar  patent  was  that  of  Brock  (April  23rd,  1875).  Neither 
of  them  is  in  practical  operation  now.  Milbum  and  Jackson  on 
May  26th  patented  a  very  complicated  moulding-apparatus  for  the 
salt.  Instead  of  moulding  the  salt  into  blocks  at  all,  M'Dougall 
(patent  of  Sept.  4th,  1875)  proposed  to  employ  the  salt  in  the  loose 
state,  but  to  keep  it  in  constant  motion  during  the  passage  of  the 
gas,  for  which  purpose  the  apparatus  patented  by  him  for  the 
burning  of  pyrites  (Vol.  I.  p.  222)  could  be  employed. 

Of  greater  importance  seemed  to  be  the  patent  of  J.  C.  Stevenson 
(May  8th,  1875) ,  according  to  which  the  moistened  salt  was  moulded 
at  once  into  pieces  of  the  size  and  shape  of  a  hen^s  egg,  and  dried 
in  an  oven  exactly  like  those  used  for  baking  ships'  biscuits.     It 
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consisted  of  a  long  tube^  through  which  an  endless  chain  slowly 
passed ;  the  moulded  damp  pieces  were  put  in  at  one  end^  and  came 
out  dry  at  the  other ;  the  fire-gases  travelled  through  the  tube  itself 
and  yielded  up  their  heat  to  the  mixture.  This  was  to  save  manual 
labour  and  fuel,  to  prevent  the  formation  of  smalls,  and  to  produce 
all  the  pieces  of  exactly  the  same  size  and  shape.  It  was  found, 
however,  that  the  lumps,  owing  to  the  strong  pressure  necessary 
for  moulding,  were  not  sufficiently  porous ;  on  the  outside  a  hard 
crust  of  sulphate  was  formed,  which  surrounded  an  unchanged  core 
of  salt,  and  extremely  retarded  the  action  of  the  gases  upon  the 
same.  It  was  possible  to  make  the  decomposition  complete,  but 
only  in  an  unreasonably  long  time,  viz.  about  50  days,  instead  of 
the  usual  14  to  20  days. 

After  all,  the  drying  process  is  now  carried  out  successfully  by 
the  employment  of  the  continuous  apparatus  first  proposed  by  Mr. 
Stevenson,  but  greatly  improved  by  a  mechanical  contrivance, 
patented  by  Mr.  Haj^reaves.  The  damp  salt  is  continuously 
dropped  from  a  hopper  onto  a  row  of  metal  plates  connected  so  as 
to  form  an  endless  chain,  which  passes  through  an  oven  of  5  feet 
width  and  40  to  130  feet  length ;  the  heating  is  done  by  fire-gases 
traversing  the  interior  of  the  oven.  Before  the  end  of  the  plate- 
chain  enters  the  oven,  the  salt  is  pressed  down  upon  it  by  means 
of  shovels,  or  mechanically  by  a  roller,  and  thus  converted  into  a 
fiat  cake.  At  the  other  end  of  the  oven,  where  the  plate-chain 
carrying  the  dry  salt  comes  out,  the  cake  is  broken  into  pieces  by 
hand  or  by  machinery.  At  the  Atlas  works  (Hai^reaves's  patent 
of  Feb.  28th,  1877)  the  salt  is  moistened  by  exhaust  steam,  and,  on 
its  passage  from  the  hopper  to  the  endless  chain,  beaten  down  by 
a  number  of  mechanical  beaters,  imitating  shovels  in  their  opera- 
tion, the  beaters  being  alternately  lifted  and  dropped  by  canes  fixed 
on  a  revolving  shaft. 

This  drying  process  is  carried  out  most  perfectly  at  Messrs. 

Sullivan  and  Co.^s  works.     Here  an  oven  of  5  feet  inside  diameter 

and  125  feet  length  rises  in  a  slope  from  the  ground-level,  so  that 

its  upper  end  is  above  the  level  of  the  cylinder-covers.    The  salt  is 

lifted  at  the  lower  end  into  a  hopper  by  means  of  an  elevator ;  in 

the  hopper  it  passes  between  rollers  which  crush  the  lai^er  lumps, 

and  is   moistened  by  the    exhaust  steam   of  the  small   engine 

driving  the  whole  drying-apparatus.     It  then  falls  upon  an  endless 
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chain  of  plates^  of  the  width  of  the  furnace  (5  feet) ,  each  plate  being 
12  inches  broad.  This  chain  passes  through  the  whole  length  of 
the  oven^  and  returns  underneath  it  to  the  other  end.  Here  the 
salt  is  first  beaten  down  by  the  above-described  engine  and  con- 
verted into  a  layer  of  1  to  1^  inch  thickness.  Immediately  after- 
wards this  layer^  whilst  moving  forward  on  the  plate-chain^  is  sliced 
lengthways  by  revolving  circular  knives^  and  crossways  by  knives 
moving  reciprocally  up  and  down^  in  a  similar  but  much  simpler 
way  than  that  used  in  paper-mills  for  cutting-up  the  endless  paper; 
the  mass  is  thus  divided  into  small  square  cakes  of  about  3^  inches 
side.  These  now  enter^  upon  the  plate-chain^  into  the  interior  of 
the  oven^  are  slowly  carried  through^  and  come  out  at  the  other  end. 
For  this  the  plate-chain  is  continually  moved  on  by  a  cog-wheel. 
The  cakes  of  salt  coming  out  at  the  upper  end  of  the  oven  fall  off 
as  the  chain  turns  downwards^  the  attendant  assisting  with  a  spade 
pushed  behind  them.  By  suitable  means  (spreading  of  dry  salt, 
tar^  &c.)  too  strong  adhesion  of  the  salt  to  the  plates  is  counteracted. 
The  cakes^  3^  x  3^  x  1^  inches^  fall  upon  a  gratings  where  the  very 
limited  quantity  of  smalls  which  may  be  formed  are  separated;  they 
are  then  ready  for  charging  into  the  cylinder-covers^  situate  a  little 
lower  down. 

The  oven  is  heated  by  the  waste  heat  of  the  cylinder-fires^  which 
have  previously  served  for  overheating  the  steam  (see  below) ;  but^ 
in  order  to  make  sure^  there  is  a  small  fireplace  provided  over  and 
above  that,  in  which,  however,  for  a  weekly  production  of  130  tons 
of  sulphate  only  2  tons  of  coals  at  most  are  consumed.  (At  South 
Shields,  where  the  ovens  are  only  40  feet  long,  a  separate  fire  is 
employed  for  heating  them.)  In  this  way  the  cakes  of  salt  become 
so  dense  that  they  retain  their  shape  in  the  cylinders,  and  yet  so 
porous  that  they  are  thoroughly  converted  into  sulphate ;  and  as 
their  shape  is  so  regular,  the  draught  in  the  cylinders  also  remains 
regular. 

The  following  drawings  will  illustrate  this  description  better, 
though  the  cutting-apparatus  is  not  included.  Fig.  83  is  a  side 
elevation ;  fig.  84,  a  ground-plan ;  fig.  85,  a  sketch  of  the  drying- 
oven,  showing  the  endless  chain  and  the  direction  of  the  fire-gases. 
The  salt  is  brought  from  the  warehouse  in  the  channel  15  by  means 
of  the  worm  14,  dropped  into  the  hopper  1,  and  from  this  gets  by 
means  of  the  rollers  xx  into  the  channel  2;  another  worm  takes 
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it  to  the  vertical  ehaft  4,  througli  which  it  faJls  onto  the  eodless 
Kg.8S. 
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Fig.  85. 


carrier  3.  The  steam-pipe  6,  entering  the  channel  2,  serves  for 
moistening  the  salt.  The  carrier  3  moves  the  salt  in  an  upwards 
slanting  direction  through  the  oven  17  to  the  chamber  16.  Itcon- 
sista  of  two  end]esH  chains  passing  round  the  drums  y  and  z ; 
carried  by  these  on  swivels,  the  plates  when  ascending  form  a 
smooth  plane,  but  on  returning  downwards,  when  the  chains  have 
passed  round  z,  hang  vertically  down.  By  means  of  the  hoppers 
7  and  10,  entering  into  the  oven  and  furnished  with  fluted  feeding- 
rollers  at  the  bottom,  dry  salt  is  sprinkled  on  the  plates  before 
receiving  the  damp  salt,  and  then  on  the  top  of  the  latter,  so  as  to 
prevent  its  either  sticking  to  the  plates  or  to  the  beaters  12.  These 
consist  of  horizontal  levers  turning  at  one  end  round  a  shaft  whilst 
to  the  other  end  movable  vertical  parts  are  attached,  carrying  at 
their  lower  ends  plates  slanting  in  correspondence  with  the  slope 
of  the  carrier.  Cams  fixed  on  the  shaft  13  lift  and  drop  the  beaters 
alternately,  and  thus  compress  the  salt ;  the  vertical  parts  of  the 
beaters  being  movably  connected  with  horizontal  ones,  the  latter 
are  carried  along  a  little  way  by  the  compressed  salt,  till  the  levers 
are  again  lifted  by  the  cams;  stirring  up  the  dry  covering  layer  is 
thus  avoided.  The  carrier  now  enters  the  oven,  17,  at  the  upper 
end  of  which  the  hot  gases  are  introduced ;  these  penetrate  through 
the  vertically  hanging  plates  into  the  interior  of  the  carrier,  travel 
along  the  plates,  and  at  19  pass  into  a  flue  leading  to  the  chimney.  ' 
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Suitable  flaps  close  the  openings  for  the  carrier  into  and  oat  of  the 
oven. 

As  a  source  of  sulphurous  add,  in  Hargreaves^s  process  the 
burner-gas  of  pyrites-kilns  is  ajways  employed^  containing  besides 
sulphurous  acid  the  necessary  excess  of  oxygen  ;  here  also  the  aim 
is  to  obtain  a  gas  with  about  8  volumes  per  cent,  of  SOj^  as  in 
making  sulphuric  acid  ;  but  6  volumes  per  cent,  are  allowable.  The 
steam  is  employed  in  the  superheated  state;  in  the  best  plants 
nothing  but  the  exhaust  steam  of  the  blowing-engine  employed  in 
the  process  is  used.  Formerly  the  steam  was  always  introduced  in 
the  gas-pipe  leading  away  from  the  pyrites-burners.  Latterly  the 
attempt  has  been  made  to  work  with  single  jets  underneath  the 
grate  o£  each  burner ;  it  was  expected  that  in  this  way  more 
sulphuric  acid  would  be  formed  in  the  kilns  themselves^  and^  more- 
over^ that  any  too  rapid  combustion  of  the  pyrites  would  be  mode- 
rated. This  patent  of  Hargreaves^s  was  found  mpracticable^ 
because  the  burning  was  too  much  interfered  with ;  accordingly 
the  steam  is  again  introduced  in  the  common  gas-pipe^  or^  still 
better,  by  a  pipe  sending  branches  to  the  upper  part  of  each  burner, 
above  the  burning  pyrites,  only  the  hottest  burners  being  supplied 
with  steam. 

The  reaction  on  the  salt  begins  only  when  it  is  heated  to  400°  C, 
and  is  the  more  intense  the  higher  the  temperature  rises ;  it  is  pre- 
ferable to  keep  it  between  500°  and  550°  C,  lest  the  effects  should 
be  too  strong  and  the  material  be  fluxed.  Sometimes  pyrometers 
(for  instance,  Gauntlett's)  are  used,  with  the  following  rules : — 
The  initial  temperature  is  400°  C. ;  the  proper  working  temperature 
for  rock-salt  is  540°,  for  common  salt  500°,  for  nitre-salt  with  1  per 
cent.  KC1440°  C.  At  Messrs.  SuUivan^s,  where  this  process  works 
better  than 'anywhere  else,  pyrometers  have  been  given  up  as  unre- 
liable. 

On  leaving  the  apparatus  the  gases  contain  next  to  no  sulphurous 
add,  but  in  lieu  of  it  hydrochloric  acid,  together  with  an  excess  of 
oxygen  and  especially  nitrogen.  A  certain  excess  of  aqueous  vapour 
should  also  be  present  still ;  at  some  good  works  this  is  fixed  at  20 
grains  H^O  per  cubic  foot =46  milligrams  per  litre  of  the  gas.  If 
the  evolution  of  sulphurous  acid  is  not  sufficiently  strong,  and  this 
gas  is  entirely  absorbed  before  the  gaseous  mixture  reaches  the  last 
cylinder,  and  if  steam  is  absent,  the  hydrochloric  acid,  in  the  pre- 
sence of  an  excess  of  oxygen,  splits  up,  and  chlorine  and  water  are 
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formed ;  the  chlorine^  however^  is  too  much  diluted  to  be  available 
for  practicalvpurposes. 

The  normal  reaction  can  be  formulated  thus  (leaving  out  the  ele- 
ments in  excess  or  not  participating  in  the  process) : — 

SO,  +  0  +  H80+2NaCl=Na2S04  +  2HCl. 

This  is  evidently  a  much  simpler  and  more  direct  process  than  the 
usual  decomposition  of  salt  by  sulphuric  acid ;  and  the  nitrate  of 
soda  is  entirely  saved^  which  alone  amounts  to  a  saving  of  about 
28.  per  ton  of  sulphate. 

The  following  description  and  diagrams'^  will  explain  the  present 
form  of  Hargreaves^s  process  as  it  is  actually  carried  out  in  a  number 
of  factories.  The  salt^  prepared  in  the  manner  previously  described, 
is  placed  in  cast-iron  cylinders^  where  it  remains  without  further 
manipulation  till  converted  into  sulphate.  The  minimum  number 
of  cylinders  is  eight ;  the  greater  the  number^  the  more  regular  is 
the  reaction^  and  the  smaller  the  quantity  of  fuel  required  per  ton 
of  sulphate  manufactured.  In  fact  as  many  as  20  cylinders  are 
employed.  The  series  of  cylinders  is  so  arranged  that  each  in  its 
turn  becomes  the  firsts  intermediate^  and  last.  The  sulphurous  acid 
is  first  admitted  into  the  cylinder  whose  contents  are  most  nearly 
converted  into  sulphate ;  and  the  spent  gases  pass  out  from  that 
which  was  last  charged  with  salt^  after  passing  through  a  succession 
of  cylinders  containing  less  and  less  sulphate. 
I  The  apparatus  shown  in  figs.  86  and  87  consists  of  eight  cylinders^ 
15  feet  in  diameter  and  12  feet  high^  disposed  in  two  rows  and 
marked  Ai^  A^,  &c.  Each  of  them  holds  40  tons  of  sulphate.  They 
are  provided  with  doors^  B,  for  withdrawing  the  sulphate.  The 
ground-space  between  the  two  rows  of  cylinders  is  covered  by  an 
arch  ^hich  is  covered  with  ashes.  Along  the  sides  of  the  two  rows 
and  over  the  abutment  of  the  arch  are  two  iron  flues,  C^  which  con- 
duct the  sulphurous  acid  from  the  burners  to  the  cylinders.  The 
flues  are  protected  from  loss  of  heat  by  the  arch  below  and  a  layer 
of  ashes  on  the  outside^  the  other  side  being  against  the  heated 
cylinders.  A  layer  of  ashes  is  also  laid  over  the  flues.  Ashes  form 
the  most  efficient  non-conducting  material  readily  obtainable^  their 
rate  of  conduction  being  only  about  half  that  of  common  bricks ; 

*  Partly  taken  from  a  paper  hj  Mr.  Haigreayes^  read  to  the  Tyne  Chemical 
Society  on  July  30th,  1876,  but  essentially  modified  by  more  modem  data  and 
by  the  author's  own  notes  and  observations. 
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besides  they  coat  nothing,  and  have  little  weight  for  a  given  bulk. 
Each  sulphurous -acid  flue,  C,  has  foursiphonB,!),  connecting  them 
with  each  of  the  cylindcra.  The  cylinders  are  connected  with  each 
other  by  the  circulating  aiphons  E.  When  at  work  the  whole  of 
the  gas-siphons,  except  the  one  connected  with  the  "  finishing 
cylinder"  {i.e.  the  cylinder  whose  contents  are  most  nearly  eon- 
verted  into  sulphate)]  are  closed,  and  the  SO,  is  allowed  to  flow 
into  this  cylinder  alone.  Suppose  Aj  to  be  the  finishing  cylinder 
and  A,  the  esit  cylinder,  the  SOg-sipIion  between  C  and  A|  is  open 
and  the  circulating  siphon  between  A,  and  A,  closed,  so  as  to  pre- 
Tent  the  SO,  from  passing  direct  to  the  exit  cylinder  without  going 
through  the  whole  series.  The  gas  passes  in  succession  through 
Aa,  A^  Af,  Ag,  A7,  Ag,  A],  and  A,,  leaving  the  cylinders  by  an  open- 
ing in  the  bottom  of  the  drawing-doorway,  F,  whence  it  passes  into 
the  flue  G,  and  is  withdrawn  by  the  exhausting-apparatus  to  be 
mentioned  hereafter. 

The  salt  or  sulphate  lies  upon  movable  grids,  H,  whicb  are  sup- 
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ported  by  tripods.  These  tripods  fall  readily  on  striking  out  small 
cramps  which  keep  the  feet  near  together^  and  leave  the  grids  un- 
supported^ when  the  sulphate  is  withdrawn.  The  discharging  ope- 
ration^ according  to  Hargreaves's  patent  of  April  29th^  1875^  is  to 
be  performed  mechanically^  by  means  of  an  Archimedean  screw ;  but 
this  does  not  appear  to  be  done  in  practice  as  yet.  When  the  sul- 
phate in  As  is  finished^  the  gas  is  admitted  into  A4  from  the  SOj- 
flue ;  the  circulating  siphon  between  A4  and  As  is  closed.  Whether 
it  is  time  to  cut  off  the  finishing  cylinder  As  or  not^  is  judged  from 
testings  of  the  gas  taken  out  of  the  siphon  leading  away  from  it^ 
for  SO)  and  HCl ;  the  change  takes  place  when  only  3  per  cent,  of 
the  SO2  introduced  into  this  cylinder  is  found  to  be  absorbed  in  it. 
The  testings  of  the  gas  are  performed  by  aspirating  a  certain  volume 
from  the  siphons  and  titrating  it  for  SO3  by  means  of  iodine  solu- 
tion^  and  for  HCl  by  silver  nitrate.  This  test  is  not  strictly  cor- 
rect^ since  there  is  always  a  little  sulphuric  acid  or  anhydride  in  the 
gas,  but  is  sufficiently  exact  for  practical  purposes.  The  following 
Table  (p.  142)  will  give  an  idea  of  the  progress  of  decomposition* 
It  gives  the  result  of  two  days'  work  at  a  factory  possessing  a 
series  of  10  cylinders ;  and  it  will  be  noticed  from  it  that  the 
decomposition  was  practically  complete  already  between  the  8th 
and  9th  cylinders. 

After  withdrawing  the  sulphate  and  filling  A3  with  salt^  the  cir- 
culating siphon  between  Aj  and  A3  is  opened  and  A3  made  the  exit 
cylinder.  The  short  pipes  J  serve  as  charging-holes  to  supply  the 
charge  of  salt.  One  of  these  has  an  annular  space  around  it  to 
admit  the  products  of  combustion  into  the  inside  of  the  cylinder,  if 
at  any  time  it  is  desirable  to  heat  the  salt  before  turning  the  gases 
into  it ;  in  practice  this  does  not  seem  to  be  required.  The  same 
space  also  allows  any  gases  from  the  inside  of  the  cylinders  to  pass 
direct  into  the  chimney-flue,  and  prevents  them  from  annoying  the 
workmen  when  withdrawing  the  charge.  In  order  to  avoid  this 
with  even  greater  certainty,  the  last  cylinder,  after  being  finished, 
is  connected  for  two  hours  with  the  exhausting-blower ;  and  thus 
the  HCl,  diluted  with  inert  gases,  is  aspirated  into  the  condensing- 
apparatus. 

The  gas  from  the  pyrites-kilns  is  too  concentrated  to  be  allowed 
to  pass  directly  into  the  cylinders  containing  raw  salt ;  for  then  the 
action  would  become  so  violent  as  to  flux  it  into  a  hard  cohesive 
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a. 

Number 

of  the 

cylinder. 

b. 

c. 

d. 

Total 
weight  of 
the  acids 

in  the 
gas. 

e. 

Percent 
HCl  of  the 
total  acids. 

/. 

Progress 

of 

decompo* 

sition. 

Found  in  the  Tolume 
measured. 

SO^. 

HOI. 

1. 
2. 
3. 
4. 
6. 
6. 
7. 
8. 
9. 
10. 

grains. 
6000 
4750 
4250 
3750 
2750 
2000 
1000 
500 
trace 
trace 

grains. 
400 
1000 
1500 
2000 
3000 
3500 
4500 
4500 
4500 
3500 

grains. 
6400 
5760 
5750 
6750 
6760 
6500 
5500 
60U0 
4500 
3600 

7-4 
17-4 
260 
348 
52-2 
63-6 
81-8 
900 
1000 
lOOO 

•  •  • 

10-0 

8-6 

8-8 

17-4 

11-4 

18-2 

8-2 

100 

•  •  • 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

3000 
3250 
2750 
2000 
1250 
750 
250 
trace 
trace 
trace 

200 
750 
1750 
2250 
3250 
3750 
4000 
3500 
3000 
3000 

3200 
4000 
4500 
4250 
4500 
4500 
4250 
3500 
3000 
3000 

6-2 

18-7 

38-8 

52-9 

72-2 

833 

941 

1000 

1000 

100-0 

•  •  • 

12-5 
201 
141 
19-3 
111 
10-8 
5-9 

•  •  • 

mass.  This  is  avoided  by  getting  up  the  temperature  as  soon  as 
possible^  and  allowing  the  salt  to  get  covered  with  a  coating  of 
sulphate  while  at  the  exit  end  of  the  series^  where  only  about  one 
tenth  of  the  original  quantity  of  SOg  is  contained  in  the  gas.  The 
temperature  in  the  cylinders  must  accordingly  be  carefully  observed, 
and  regulated^  in  case  of  need^  by  admitting  more  air.  For  this 
purpose  a  9-inch  pipe  is  sometimes  fixed  in  the  centre  of  each 
cylinder^  open  at  top  and  bottom,  and  reaching  down  to  a  few 
inches  from  the  grids  ;  at  the  top  it  is  usually  closed^  and  is  only 
opened  when  there  is  any  danger  of  fluxing,  which,  if  at  all,  occurs 
near  the  bottom  of  the  cylinder.  The  covering  of  sulphate  increases 
in  thickness  as  the  cylinder  gets  nearer  the  inlet. 

The  cylinder-connexions  are  so  arranged  that,  if  not  properly 
made,  they  should  themselves  call  attention  to  the  fact  by  the 
annoyance  they  cause  to  those  who  have  neglected  their  duty, 
besides  enabling  the  manager  to  see  at  a  glance  what  was  going 
on.     Ordinary  valves  are  impracticable,  both  on  account  of  the 
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lempcratare  and  the  chemical  action  of  the  gas;  and  any  SO^ 
allowed  to  leak  through  to  the  exit  vithout  passing  through  the 
whole  series  is  either  wholly  or  partially  wasted.  To  prevent  the 
possibility  of  this  waste,  the  siphons  are  divided  into  two  pieces. 
Fig.  88  shows  a  longitudinal  section,  fig.  89  a  plan,  fig.  90  an  ele- 
ntioD  of  this.  The  passage  of  gas  is  stopped  by  inserting  a  plate 
in  the  space  (a)  between  the  two  ends  of  the  siphons.  The  space 
between  the  plate  and  the  ends  of  the  siphons  is  filled  up  with  a 
mixture  of  mortar  and  salt.  If  this  is  not  properly  done,  the  SO, 
leaks,  not  into  the  exit  cylinder  or  an  intermediate  one,  where  it 
might  avoid  detection,  but  passes  at  once  into  the  atmosphere, 
giviiig  unmistakable  evidence  that  the  work  is  not  properly  done, 
and  annoying  the  workman  till  he  looks  after  it  properly.  When 
the  passage  is  to  be  left  open,  the  plate  is  replaced  by  one  having 
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SD  opening  equal  in  area  to  the  siphon.  The  connexion  ia  made 
good  in  the  same  manner  as  when  the  nnperforated  plate  is  used. 
The  space  between  the  two  halves  of  the  siphon  is  maintuned  by 
the  use  of  the  lugs  and  ferrules,  b.  The  opeoing  c  in  the  siphon  is 
to  allow  salt  to  be  chained  into  the  part  of  the  cylinder  directly 
voder  the  siphon. 
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Bode  hu  propoeed  the  following  modification  in  Hai^reaves's 
dampere  {Dingl.  Journ.  ccxxv.  p.  180).  The  making-good  of  the 
conneiioDB  is  not  easy  during  an  escape  of  gas ;  the  annoyance  of 
the  men  and  the  neighfaonrhood  should  also  be  considered ;  more- 
orer  one  opening  in  the  cylinder-covers  seems  to  be  preferable  to 
two :  Sode's  proposal  would  do  avay  with  all  this,  and  would 
momentarily  change  the  current  of  the  gases.  Suppose  the  pipe 
A  (fig.  91)  to  lead  to  the  upper  cover  of  the  following  cylinder 

Kg.  91. 

-0— "=-e 


(this  would  be  the  only  opening  in  the  cylinder-cover),  the  pipe  B 
to  come  &om  the  bottom  of  the  preceding  cylinder,  and  the  pipe  C 
from  the  SO,-flue ;  it  will  be  seen  at  once  that  the  valve  D,  filled 
with  sand  between  the  flanges  c  and  d  [d  can  be  left  out  if  the 
whole  top  is  filled  with  sand),  is  adapted  for  opening  and  shutting, 
both  in  the  lower  position  and  in  the  upper  one  at  d,  all  the  gas- 
ways  exactly  as  required  for  Hargreaves's  cylinders.  The  lutes 
sre  always  sand-lutes  (which,  however,  is  just  an  objection  to  the 
proposal,  as  such  lutes  have  not  been  found  to  answer  in  this  case) ; 
and  it  can  easily  be  seen  how  the  passage  of  the  valve-rod  g  through 
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the  cover  E  of  the  valve-case  is  closed  by  a  sand-lute^  either  by  the 
valve  a  or  by  the  cup  e  into  which  the  point /enters,  and  how  in 
this  way  this  proposal  might  probably  be  modified  so  as  to  become 
practicable. 

It  was  a  difficult  problem  to  heat  a  series  of  cylinders  15  feet  in 
diameter  and  12  feet  high,  so  as  to  have  all  the  parts  of  each  cylinder 
of  nearly  equal  temperature,  and  to  maintain  this  temperature  for 
fourteen  days,  without  a  greater  consumption  of  fuel  per  ton  than 
takes  place  when  the  same  materials  are  kept  hot  for  only  an  hour 
or  two.  Theory,  it  is  true,  shows  that  the  heat  liberated  by  the 
reactions  themselves  is  more  than  sufficient  to  keep  up  the  opera- 
tion and  to  leave  still  a  large  margin  for  losses  by  radiation  &c., 
without  any  consumption  of  fuel  at  all.  According  to  Hargreaves's 
calculations,  for  each  lb.  of  sulphate  there  are  liberated  by  the  com- 
bustion in  the  pyrites-burners  1426*6,  and  by  the  reaction  in  the 
cylinders  869' 7,  altogether  2296*3  British  heat-units.  The  escaping 
gases,  having  a  temperature  of  about  300°  C,  carry  away  336*8 ; 
the  sulphate  withdrawn  at  about  670°  C,  316*6  heat-units,  leaving 
an  excess  of  1642*9  heat-units  or  2^  times  as  much  as  required, 
apart  from  radiation.  This  latter,  certainly,  will  cause  a  very  great 
loss  of  heat  till  some  perfect  non-conductor  be  found,  which  nobody 
seriously  expects.  Still  it  is  possible  to  make  approximate  calcu- 
lations of  the  unavoidable  loss  of  heat,  and  of  the  amount  of  fuel 
required  for  covering  this  loss.  Hargreaves  states  15  tons  as  the 
quantity  of  coals  necessary  for  keeping  a  series  of  cylinders,  pro- 
ducing weekly  100  tons  of  sulphate,  at  the  proper  temperature, 
provided  that  the  pyrites-burners  are  so  arranged  that  the  heat  of 
the  gas  is  utilized  as  much  as  possible.  In  practice  this  amount 
has  usually  been  greatly  exceeded,  as  we  shall  see  below. 

The  cylinders  are  surrounded  by  a  casing  of  brickwork  at  a  dis- 
tance of  5  inches,  and  are  heated  by  fireplaces  (I) .  The  hot  gases 
pass  through  a  horizontal  flue  (II),  and  ascend  six  narrow  vertical 
flues  (III) ;  these  flues  are  only  5  inches  square  in  section,  the 
object  being  to  reduce  the  heat-absorbing  surface  where  the  pro- 
ducts of  combustion  are  very  hot ;  the  flues,  however,  are  amply 
large  enough  to  carry  away  all  the  products  of  combustion.  The 
fireplaces  are  furnished  with  close-fitting  doors,  so  that  when  the 
fires  are  not  needed,  both  the  fireplaces  and  ash-pits  maybe  secured 
against  admission  of  air;  at  the  same  time  the  damper  (IV)  is 
closed,  to  stop  the  draught  to  the  chimney.    After  leaving  the 
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yertical  flues  the  smoke  passes  into  a  space  10  inches  deep  between 
the  cylinder-cover  and  an  upper  covering-plate ;  it  circulates  round 
the  charging-holes  and  over  the  cylinder-cover;  the  smoke  then 
passes  down  the  side  of  the  cylinder  in  the  annular  space  formed 
by  the  brick  casings  beneath  it^  and  ultimately  past  the  damper  to 
the  chimney.  Thus  the  gases  where  they  are  hottest  are  only  used 
indirectly,  but  afterwards  directly  for  heating  the  iron  cylinders. 
The  cylinder-covers  and  siphons  are  covered  with  about  8  inches 
of  ground  rock-salt ;  if  on  charging  a  little  of  this  gets  into  the 
cylinders,  it  does  no  harm^  and  it  is  a  further  protection  against 
radiation. 

As  the  heat  generated  in  the  process  is  more  than  enough  to 
keep  up  the  operation,  and  the  losses  of  heat  are  due  to  radiation 
and  convection  from  the  bounding  surfaces  of  the  apparatus,  it  will 
be  evident  that  as  the  apparatus  is  enlarged,  so  as  to  reduce  the 
relative  proportion  of  bounding  surface  to  cubical  capacity,  the 
proportion  of  fuel  required  per  ton  of  sulphate  must  decrease,  and 
it  is  only  a  question  of  carrying  the  principle  far  enough  to  do 
without  fuel  altogether  for  keeping  up  the  temperature  of  the 
cylinders.  This  conclusion  is  confirmed  by  the  experience  of 
working  with  different  sizes  of  apparatus :  one  of  the  first  took 
about  2  tons  of  fuel  per  ton  of  sulphate ;  a  second,  larger  one,  14 
cwt, ;  this,  again,  enlarged,  6  cwt. ;  and  the  set  of  eight  cylinders 
in  Dublin  has  worked  with  3  cwt.,  that  at  South  Shields  with 
2^  cwt. 

The  Atlas  Chemical  Company  are  taking  advantage  of  the  fact 
that  the  fuel-consumption  per  ton  of  sulphate  made  is  reduced, 
while  the  production  per  cylinder  is  increased  where  a  large  num- 
ber of  cylinders  are  used  in  a  series.  They  have  twenty  cylinders 
arranged  in  a  series  and  placed  back  to  back,  with  only  one  draw- 
ing-door and  one  fireplace,  allowing  lateral  conduction  and  radia- 
tion on  one  side  only.  The  heat-absorbing  surfaces  are  also  re- 
duced by  reducing  the  flue-space. 

The  pyrites-bumers  are  very  much  like  those  used  in  sulphuric- 
acid  making  and  placed  back  to  back ;  but  exposure  of  iron  to  the 
direct  heating-effect  of  the  burning  pyrites  is  avoided  as  much  as 
poflsible.  The  doorway  is  without  the  iron  hopper  projecting  into 
die  inside  of  the  burners.  The  outside  walls  are  18  inches  thick, 
preferably  using  5-inch  fire-brick  lining  and  common  bricks  for 
the  outer  wall.     The  rate  of  conduction  of  common  bricks  being 
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lees  than  that  of  fire-brickB,  a  saving  of  heat  ae  well  as  cost  in 
erection  is  effected.  The  back  of  the  arch  is  thrown  lower  than 
the  front,  and  the  gas-flue  placed  in  the  depression ;  a  wall  is 
raised  above  the  burner-fronts,  and  the  entire  space  over  the  huraer 
covered  with  ashea  to  a  depth  of  2  feet  or  more,  to  prevent  con- 
duction of  heat.  The  door  is  protected  from  the  heat  radiated  from 
the  pyrites  by  a  non-conducting  lining.     Fig.  92  shows  the  section 

Fig.  02. 


of  a  burner  in  use  at  Messrs.  Boyd  and  Alexander's.  The  iron 
front  does  not  extend  more  than  2  or  3  inches  above  the  top  of  the 
ash-pit,  where  it  is  necessary  to  keep  the  air  under  proper  control. 
As  will  be  perceived  from  the  drawing,  the  surface  of  iron  directly 
exposed  to  the  heat  of  the  burning  pyrites  is  very  small  compared 
with  what  is  usual. 

Figs.  93  &  94  show  the  amount  of  radiation  from  iron-fronted 
burners — one  for  a  burner  used  in  Titriol-making,  and  the  other  for 
one  nsed  in  Hargreaves's  process.  The  figures  show  the  number 
of  British  thermal  units  radiated  per  square  foot  per  twenty-four 
hours  at  the  points  marked,  measured  by  a  thermoradiometer.  In 
the  iron-fronted  burners  used  in  Hargreaves's  process  the  loss  was 
620,090  British  thermal  units  per  twenty-four  hours  from  each  of 
the  fronts  alone,  equal  to  a  loss  of  the  heat  given  off  from  the  com- 
buBtion  of  40  lb.  of  coal ;  but  as  the  fnel-efficiency  in  the  sulphate- 
apparatus  is  less  (certainly  not  more)  than  2000  units  per  pound 


THE  BAHaBBAVES  PBOCBiS. 
Fig.  93. 


of  coal,  the  loss  praclieally  amoimtH  to  260  lb.  of  coal  per  burner 
per  day.  As  three  fourths  of  this  loss  is  preventable,  the  needless 
low  amounts  to  195  lb.,  or  2340  lb.  per  day  from  twelve  bumer- 
fronta;  that  is,  it  requires  the  consumption  of  2340  lb.  of  fuel 
burnt  under  the  cylinders  to  replace  the  avoidable  loss  of  heat 
sustained  in  the  twelve  burner-fronts. 

The  fuel-efficiency,  which  of  course  eihibits  large  differences 
according  to  the  nature  of  the  work  performed,  and  which  on  the 
whole  is  by  so  much  the  greater  the  lower  the  temperature  of  the 
material  to  be  heated,  iu  this  process  is  on  the  average  about  14 
per  cent.,  varying  from  10  per  cent,  on  the  finishing  cylinders  to 
20  per  cent,  on  the  exit  cylinder  (where  the  temperature  is  lowest) . 
For  steam-boilers  this  term  is  usually  from  50  to  80  per  cent.,  for 
puddling-fomaces  from  3  to  5  per  cent. 

In  order  to  practise  the  greatest  possible  economy  of  fuel,  as 
much  heating  as  possible  must  be  done  upon  the  materials  while 
they  are  at  a  low  temperature,  so  that  every  advantage  may  be  taken 
of  the  temperature-differences.  The  steam  before  mising  with  the 
burner-gas,  being  at  only  100°  C.  (exhanst  steam  being  employed), 
gives  a  good  temperature-difference  to  start  with ;  while  the  pro- 
ducts of  combustion  leaving  the  cylinders  are  at  about  440*'  to  470° 
C,  dependent  upon  the  amount  of  firing  going  on,  and  therefore 
supplyan  economical  sourceof  heat;  there  is  no  difficulty  in  obtaining 
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steam  superheated  to  340°  C.  previous  to  allowing  it  to  mix  with 
the  gas  from  the  burners.  The  advantage  of  superheating  will  be 
still  farther  evident  when  the  high  specifie  heat  of  steam  is  com- 
pared with  that  of  gases  from  the  burners.  Besides^  ordinary 
steam  frequently  contains  a  great  proportion  of  water  suspended 
in  it  in  the  shape  of  minute  globules^  forming  opaque,  foggy  steam ; 
and  this  water  absorbs  heat  to  convert  it  into  dry  steam,  rendering 
some  960  thermal  units  latent  for  every  pound  of  condensed  water 
contained  in  the  steam,  before  raising  the  temperature  of  the  water; 
so  that  practically  the  elevation  of  temperature  of  the  mixture  by 
previously  superheating  the  steam  is  greater  than  would  be  shown 
by  calculation  if  this  fact  were  neglected.  The  rise  of  temperature 
obtained  by  superheating  the  steam  may  be  calculated  from  the 

formula 

_WST+ Wit 

*""  WS  +  w*  ' 
in  which  W  signifies  the  weight  of  the  gas,  w  that  of  the  steam,  S 
the  specific  heat  of  the  former,  s  that  of  the  latter,  T  the  tempe- 
rature of  the  former,  t  that  of  the  latter.  It  is,  of  course,  absurd 
to  superheat  the  steam  at  the  expense  of  the  heat  of  the  sulphurous 
acid  gas,  as  some  firms  do,  by  placing  the  steam-pipes  on  the  top 
of  their  pyrites-burners.  Another  firm  prefers  superheating  the 
steam  by  a  separate  fire,  in  order  to  have  this  process  more  under 
control. 

Apart  from  theoretical  calculations,  an  accident  has  given  expe- 
rimental evidence  of  the  advantages  of  superheated  steam.  At 
Messrs.  Boyd  and  Alexander's  the  trap  for  condensed  water  was 
placed  at  some  distance  from  the  superheater,  instead  of  close  to 
it ;  and  the  water  rushing  into  it  when  an  extra  push  of  steam  was 
laid  on,  caused  a  breakage  of  the  cast-iron  pipes.  This  stopped 
the  superheater,  and  immediately  caused  an  increased  consumption 
of  5  tons  of  fuel  per  week  in  heating  the  cylinders. 

The  hydrochloric  acid  and  the  excess  of  other  gases  are  drawn 
from  the  cylinder  by  an  aspirating  apparatus.  The  most  suitable 
one  is  a  Root's  blower,  made  by  Messrs.  Thwaites  and  Carbutt,  of 
Bradford,  modified  by  replacing  the  wooden  revolving  pistons  with 
iion  ones,  the  temperature  being  too  high  for  the  wood  to  stand 
without  injury,  apart  from  the  rapid  decay  of  the  wood  which 
would  be  produced  by  the  corrosive  action  of  the  gases.  The  iron 
pistons  and  shell  of  the  blower  are  not  injuriously  acted  upon  by 
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the  gases  so  long  aa  the  temperature  is  sufficiently  high  to  retain 
them  in  a  gaseous  state ;  and  the  blower  receives  no  more  damage 
than  it  would  from  drawing  the  same  volume  of  atmospheric  air 
through  it.  This  temperature  is  easily  retained  by  placing  the 
machine  under  cover  and  putting  a  layer  of  non-conducting  com- 
position, such  as  is  used  for  ateam-boilers,  on  the  outside  shell. 

If  the  parts  of  the  machine  subject  to  friction  were  allowed  to 
attain  the  temperature  of  the  gas  passing  through  it,  very  rapid  wear 
would  take  place ;  but  this  is  provided  for  by  making  the  shafts 
revolve  in  brass  biishes  fixed  in  a  hollow  bracket.  A  current  of 
water  is  kept  flowing  slowly  through  the  bracket,  so  as  to  keep 
down  the  temperature  of  the  brasses ;  but,  firom  the  position  of  the 
inlet  and  outlet  boles  in  the  bracket,  this  water  has  little  cooling 
effect  on  the  shell.  Uga.  95  to  98  show  the  modifications  made  to 
sdapt  the  blower  to  the  process.  The  shafts  pass  through  holes  in 
the  end  of  the  shell,  while  the  revolving  pistons  are  kept  in  their 

Fig.  96. 


Kg.  96. 
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proper  relative  position  by  toothed  gearing.  There  is  no  rtafl5ng- 
box  necessary,  as  the  very  small  amount  of  air  leaking  through  is 
of  no  practical  importance,  and  there  is  no  tendency  of  the  gases 
to  leak  outwards  imless  great  resistance  is  placed  on  the  exit  side 
of  the  blower. 

The  engine  driving  the  blower  should  be  very  substantially  built 
and  not  liable  to  be  stopped  for  repairs,  by  which,  besides  loss  of 
time,  the  blower  cools  down,  thus  permitting  condensation  of  HCl 
and  injuring  the  blower.  The  engine  should  be  able  to  endure 
without  injury  the  corrosion,  hard  usage,  and  negligence  which  are 
frequently  the  fate  of  engines  in  chemical  works.  Mr.  Hargreaves 
highly  recommends  for  this  purpose  the  vertical  valveless  engine  of 
Mr.  James  Robertson,  of  Glasgow.  In  this  engine  eccentrics,  valve- 
rods,  slide-valve,  and  connecting  rods  are  dispensed  with,  and  the 
crank  is  driven  direct  from  the  end  of  the  piston-rod  by  means  of 
a  connecting  joint  placed  on  a -circular  table  at  the  end  of  the 
piston-rod ;  the  moving  parts  of  the  engine  are  practically  reduced 
to  three  pieces,  all  of  which  are  made  exceedingly  heavy  and  strong. 

The  exhaust  steam  of  the  engine  driving  the  blower  ftimishes 
the  steam  needed  for  mixing  with  the  SOj ;  the  relative  speeds  of 
the  blower  and  engine  are  such  as  to  send  about  the  proper  pro- 
portion of  steam  into  the  apparatus  as  the  gas  is  drawn  from  it. 
The  engine  is,  in  fact,  a  steam-meter,  regulating  the  supply  of 
steam  in  proportion  to  the  speed  with  which  the  gases  are  drawn 
through  the  apparatus ;  and  as  the  quantity  of  steam  required  for 
mixing  with  the  gas  is  in  excess  of  what  is  needed  for  driving  the 
engine,  the  mechanical  power  for  exhausting  the  gases  costs  nothing. 
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A  ton  of  siilphate  theoretically  requires  2^  cwt. ;  but  about  4  cwt. 
is  used  in  practice ;  and  from  this  the  fuel  needed  to  supply  the  ap- 
paratus with  steam  can  be  calculated.  A  good  boiler^  with  proper 
heat^aidng  appliances,  will  evaporate  10  cwt.  of  water  per  cwt.  of 
fuel;  but  taking  boilers  as  they  are  usually  found  in  chemical 
works,  about  7  cwt.  would  be  evaporated;  this  would  give  0*57 
cwt.  to  make  steam  for  a  ton  of  sulphate,  and  }  cwt.  would  amply 
cover  the  steam,  loss  by  condensation,  fee. 

The  amount  of  fuel  consumed  at  Messrs.  Boyd  and  Alexander's 
is  stated  by  Mr.  Hargreaves  as  follows,  viz. : — 

cwt. 

Heating  cylinders 4 

Preparing  salt 3 

Steam,  say 0*75 

Total 7-75 

As  the  steam  is  taken  from  a  boiler  used  for  other  purposes,  the 
weight  of  fuel  can  only  be  calculated ;  and  the  fuel  for  the  cylin- 
ders includes  the  use  of  moist  steam,  which,  when  superheated 
steam  was  again  used,  would  cause  a  saving  of  about  1  cwt.  Ac- 
cording to  more  recent  information,  the  fuel  consumed  is  indeed 
stated  at  nearly  2  cwt.  less  than  is  given  in  the  foregoing  Table ; 
but  the  statements  given  below  make  this  appear  very  doubtfiil. 
In  one  factory  the  author  learned  the  amoimt  of  fuel  consumed,  as 
follows — viz.  total  46  lb.  coals  to  100  lb.  sulphate  (bad  and  good 
together),  of  which  12  lb.  were  consumed  for  heating  the  cylinders ; 
here  also  the  drying  of  the  salt  and  the  superheating  of  the  steam 
are  not  effected  by  waste  heat,  but  by  separate  fires. 

It  will  be  seen  that  Mr.  Hargreaves  considers  the  consumption 
of  coals  in  his  process  decisive  of  its  value.  According  to  his  cal- 
culation 3'52  times  as  much  heat  is  generated  by  the  combustion 
of  the  pyrites  and  the  conversion  of  chloride  into  sulphate  as  is 
carried  away  by  the  escaping  gases  and  the  sulphate  withdrawn ; 
so  that  2i  times  the  amoimt  of  those. unavoidable  losses  still  re- 
mains disposable  for  radiation  of  heat ;  accordingly,  with  sufficiently 
improved  appliances  no  fuel  whatever  need  be  consumed.  In  the 
ordinary  process  of  making  sulphate  the  heat  is  utilized  in  an  ex- 
tremely imperfect  way ;  the  heat  generated  by  the  burning  of 
pyrites  is  nearly  altogether  dissipated  without  any  utilization  what* 
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ever ;  that  generated  by  the  reaction  between  salt  and  sulphuric 
acid  is  nothing  like  sufficient  for  completing  the  decomposition ; 
and  considerably  more  heat  is  required  for  evaporating  and  super- 
heating the  water  mixed  with  the  sulphate.  Moreover  the  cham- 
ber-steam must  be  produced  merely  in  order  to  be  re-condensed  in 
the  chambers  and  to  be  once  more  vaporized  in  the  sulphate- Aimaces 
along  with  the  hydrochloric  acid.  On  the  whole^  Hargreaves  cal- 
culates that  only  three  or  four  per  cent,  of  the  heat  required  for 
all  these  processes  is  furnished  by  the  ordinary  sulphate  process 
itself.  We  shall  not  inquire  into  the  theoretical  value  of  these 
calculations;  but  in  practice  some  other  circumstances  come  into 
play.  The  great  difficulty  which  exists  in  Hargreaves^s  process 
for  utilizing  the  generated  heat  is  the  long  time  required  (as 
much  as  three  weeks)  ^  during  which  the  incessant  radiation  of 
even  a  small  quantity  of  heat  must  run  up  to  a  considerable 
amount. 

Whilst^  therefore^  the  production  of  sulphate  of  soda  by  the  old 
process^  including  that  of  the  sulphuric  acid^  in  spite  of  the  sources 
just  now  mentioned  of  enormous  loss^  requires  at  most  from  10  to 
12  cwt.  of  fuel  per  ton  of  sulphate^  I  have  trustworthy  information 
that  most  of  the  factories  working  the  Hargreaves  process  require 
from  8  to  17  cwt.^  mostly  more  than  the  old  process.  The  differ- 
ence^ however^  is  not  very  considerable^  even  at  present^  and  will 
probably  be  constantly  lessened  in  favour  of  Hargreaves's  process. 
In  the  few  works  where  the  drying  of  the  salt  and  the  superheating 
of  the  steam  are  done  by  waste  heat^  which  is  undeniably  feasible 
with  proper  appliances,  much  less  Aiel  is  used  than  the  amount 
just  stated,  and  certainly  no  more  than  with  the  old  process. 

It  has  been  found  that  the  series  of  cylinders  ouffht  invariably  to 
be  employed  to  the  fall  extent  of  its  power*  In  some  cases  irregu- 
larities of  the  process  have  occurred  through  leaving  one  or  more 
of  the  cylinders  empty  for  a  few  days :  they  became  too  cold ;  and 
when  it  was  attempted  to  reestablish  the  temperature  by  strong 
heating  from  the  outside,  the  salt  was  fluxed.  In  the  finishing 
cylinder,  into  which  the  sulphurous  acid  gas  is  first  admitted,  some 
sodium  bisulphate  may  be  formed  if  the  temperature  is  not  high 
enough,  owing  to  the  formation  of  sulphuric  acid  in  the  pyrites- 
burners  themselves;  but  since  bisidphate  is  decomposed  at  or 
below  600°  C,  its  formation  should  easily  be  prevented.  This 
is  absolutely  necessary,  since,  owing  to  its  easy  fusibility,  it  would 
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unite  the  whole  contents  of  the  cylinder  into  a  solid  lump.  If  in- 
completely finished  snlphate  is  discharged  &om  a  cylinder^  it  pre- 
sents a  reddish  appearance,  owing  to  ferric  oxide,  which  can  only 
after  the  complete  conversion  of  NaCl  into  Na2S04  be  transformed 
into  ferric  sulphate.  In  most  works  such  reddish  pieces  are  fre- 
quently found,  and  must  be  picked  out  by  hand  in  order  to  be  con- 
verted into  strong  sulphate  in  ordinary  decomposing-pans ;  other- 
irise  they  considerably  deteriorate  the  quality  of  the  sulphate. 

A  very  important  question  in  Hargreaves's  process  is,  to  what 
extent  the  sulphur  of    the  pyrites  is  utilized  in  his  apparatus. 
In  practice  the  operation  may  not  be  conducted  in  such  a  manner 
as  to  leave  absolutely  no  SO^  in  the  exit  gases ;  for  in  this  case 
the  hydrochloric  acid  and  the  oxygen  in  excess,  in  the  presence  of 
heated  salt  and  perhaps  a  little  ferric  oxide,  would  yield  chlorine. 
According  to  the  ordinary  statements,  at  most  2  per  cent,  of  all 
the  sulphurous  acid  is  lost  with  the  exit  gas ;  but  it  would  appear 
as  if  it  had  been  sometimes  overlooked  that  free  sulphuric  acid 
likewise  occurs  in  the  exit  gas ;  and  thus  the  real  yield  may  be 
greatly  influenced.     We  need  not  wonder  why  sulphuric  add  may 
escape  from  the  last  cylinder  in  spite  of  a  large  excess  of  common 
salt  present,  if  we  consider  that,  under  favourable  circumstances, 
sodium  sulphate  may  be  completely  converted  into  chloride  by 
hydrochloric  acid  (Hensgen,  Deutsch.  chem.  Oes.  Ber.  ix.  1671). 
A  statement  by  O.  Davis  (mentioned  by  Mr.  Morrison),  according 
to  which  ''the  absorption  of  SOj''  amounts  to  99'6  per  cent., 
cannot  have  taken  account  of  the  sulphuric  acid,  although  it  is 
supplemented  by  the  statement  that  the  gas  leaving  the  cylinders 
contained  0*300  gram  HCl,  that  escaping  from  the  condensers 
0*0064  gram  HCl,  and  the  condensed  acid  0*68  gram  SOs,  per  litre 
(at  the  Buncom  alkali- works) .     It  is  not  stated  over  what  time 
the  above   results  extended,  nor  by  what  methods  they  were 
obtained.     The  only  trustworthy  statements  are  those  indicating 
how  much  sulphate  has  been  obtained  from  a  given  quantity  of 
pyrites,  extending  over  a  longer  period,  which  can  be  compared 
with  the  results  of  the  old  process.     It  may  be  expected  that  the 
loss  of  sulphur  in  the  Hargreaves^s  direct  process  will  'be  smaller 
than  in  the  old  process,  where  the  loss  caused  by  the  chamber- 
process,  not  very  considerable  by  itself,  is  greatly  added  to  by  the 
more  considerable  loss  of  sulphuric  acid  in  decomposing  the  salt. 
No  very  certain  data  exist  upon  this  point  in  Hargreaves's  process ; 
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at  any  rate  the  author  could  not  from  the  best  works  obtain  any 
such^  but  merely  the  assurance  that  the  yield  of  sulphate  was 
higher  than  that  of  the  ordinary,  process^  although  even  by  this  at 
the  same  works  430  parts  of  97-per-cent.  sulphate  were  obtained 
from  100  parts  of  sulphur  actually  burnt.  At  another  works  a  yield 
of  182  parts  of  sulphate  from  100  parts  of  48-per-cent.  pyrites  is 
obtained^  corresponding  to  about  404  parts  of  sulphate  from  100 
sulphur  really  burnt ;  but  here  the  impure  red  sulphate^  occurring 
in  large  quantities,  is  included,  and  it  would  appear  that  on  taking 
this  into  account  the  yield  would  only  amount  to  165  parts  of  97- 
per-cent.  sulphate  from  100  parts  of  pyrites,  or  366  frvQm  100  sul- 
phur actually  burnt.  Such  a  low  jrield  would  be  fatal  to  the  new 
process ;  but  it  is  contradicted  by  the  high  yield  just  mentioned, 
and  it  is  thus  proved  that  there  is  a  great  deal  in  the  way  in  which 
the  work  is  carried  on. 

The  condensation  of  hydrochloric  acidiB  facilitated  in  Hargreaves's 
process  by  the  steady  evolution  of  the  gas ;  but,  on  the  other  hand, 
the  percentage  of  HCl  in  a  given  volume  of  gas  can  only  be  a  small 
one,  which  makes  the  condensation  more  difficult.  Suppose  the 
burner-gas  to  be  as  rich  as  in  the  ordinary  process,  say  at  most 
8  per  cent.  SO^  (and  it  is  certainly  not  richer)  ;  since  4  vols.  SO, 
and  2  vols.  O  jrield  8  vols.  HCl,  the  HCl  gas  will  at  most  amount 
to  12  per  cent,  in  the  eidt  gas.  But  the  gas  from  muffle  frimaces 
(blind  roasters),  according  to  Dr.  Angus  Smith,  contains  from 
14-7  to  78*4,  on  an  average  45  per  cent.  HCl  by  volume.  The 
gases  from  Hargreaves's  process  accordingly  can  only  be  compared 
with  that  from  open  roasters ;  but  they  have  the  advantage  of  a 
more  equal  evolution.  In  this  case  also  no  certain  data  have  been 
given  to  the  world,  such  as  could  be  called  decisive,  viz.  how  much 
hydrochloric  acid  is  made  from  a'  given  volume  of  salt.  From  his 
own  observations  the  author  can  affirm  that  the  condensation  is  as 
complete  as  possible.  (At  Messrs.  Sullivan  and  Co.^s  only  1  grain 
HCl  per  cubic  foot  is  left  in  the  gas.)  There  is  also  as  strong  acid 
made  as  in  the  ordinary  process,  except  where  the  strongest  acid  is 
worked  for ;  usually  say  26^  to  28°  Tw.  We  shall  anticipate  the 
Chapter  on  condensation  of  hydrochloric  acid  so  far  as  to  state  that 
usually  the  gas  on  leaving  the  blower  is  admitted  into  a  long  stone 
cistern,  from  which  it  issues  in  three  or  five  strings  of  fireclay  pipes, 
running  alongside,  12  to  16  inches  wide  and  120  to  180  feet  long, 
cooled  by  the  outer  air.     The  strings  of  pipes  descend  somewhat 
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towards  another  long  cistern^  in  which  the  currents  of  gas  are  re- 
united and  carried  into  a  stone  coke-tower^  say  7  feet  square 
and  55  feet  high^  from  the  top  of  which  a  flue  (in  one  case  a 
wooden  one)  takes  the  residual  gas  downwards  into  a  flue  leading 
to  the  chimney. 

Formerly  the  uncertainty  of  the  qtmlity  of  the  Hargreaves^s 
sulphate  was  much  complained  of.  Now  a  much  more  constant 
quality  is  obtained  in  the  best  works — at  Messrs.  Sullivan^s  98-  to 
99-per-cent.  stuff  is  said  to  be  nearly  always  obtained.  But  else- 
where^ as  already  mentioned^  such  good  results  are  not  regularly 
attained^  but  along  with  good  sulphate  much  bad  stuff  is  got  out^ 
vhich  may  principally  be  owing  to  the  fact  that  irregularly  broken 
lumps  of  salt  are  employed  in  lieu  of  the  regular  cakes  made  at 
Messrs.  Sullivan's.  An  important  difficulty  is  this :  whilst  in 
managing  chambers  and  ordinary  sulphate-Aimaces  the  process 
can  be  looked  after  every  hour  and  mistakes  can  be  corrected^  in 
the  direct  process  nothing  is  known  till  the  sulphate  is  discharged^ 
when  in  a  bad  case  40  tons  at  a  time  may  be  found  all  spoiled. 
The  chances  of  uncertainty  in  a  pneumatic  process^  like  the  present 
one^  have  been  espedaUy  pointed  out  by  Hurter  (comp.  above). 
Imperfect  utilization  of  the  sulphurous  acid^  incomplete  decompo- 
sition of  the  salt^  fluxing  it  into  lumps^  wrong  direction  of  the 
gaseous  currents^  formation  of  chlorine  gas  with  too  little  steam^ 
or  escape  of  SO^  with  steam  of  excessive  pressure^  are  a  few  of 
the  dangers  which  are  encountered ;  and  their  presence  is  mostly 
only  discovered  too  late.  It  is  thus  not  surprising  that  the 
management  of  Hargreaves^s  process  is  considered  much  more  dif- 
ficult than  that  of  the  old  process ;  but  probably  a  large  number 
of  the  difficulties  vanish  on  moulding  the  salt  in  such  a  uniform 
way  as  at  Messrs.  Sullivan's.        • 

At  any  rate^  the  Hargreaves  sulphate  is  not^  on  the  average,  bet- 
ter than  the  ordinary  sulphate ;  if  for  once  a  cylinder  Ml  of  98'5- 
per-cent.  is  got^  another  time  the  strength  goes  at  least  as  much  below 
the  average  of  97  per  cent.^  which  is  obtained  in'  the  old  process 
with  fair  work.  It  should^  however^  be  observed  that  Hargreaves's 
sulphate  is  nearly  free  from  iron,  at  any  rate  if  made  exclusively 
from  common  salt^  and  that  it  is  therefore  employed  by  plate-glass 
works  in  lieu  of  refined  sulphate  or  that  made  in  lead  pans.  All 
the  Lancashire  plate  glass  is  made  from  Hargreaves's  sulphate. 

The  wages  in  1878  amounted  to  6s.  4rf.  per  ton  of  sulphate. 
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The  work  is  of  a  much  more  mechanical  character  than  in  the 
ordinary  sulphuric-acid  and  salt-cake  process ;  and  consequently  no 
such  experienced  and  skilled  men  are  needed.  All  the  more  care 
is  needed  in  the  management^  the  incessant  testing  by  gas-analyses 
&c.^  and  the  regular  carrying-on  of  the  process. 

The  plant  for  Hargreaves^s  process  costs  about  twice  as  much  as 
the  most  substantial  plant  for  vitriol-making  and  decomposing  of 
an  equal  quantity  of  salt.  It  may  be  stated  at  £800  for  each  ton 
of  pyrites  burnt  per  week^  apart  from  the  condensation  of  hydro- 
chloric acid;  whilst  the  old  plant  is  calculated  at  £100^  or  at  most 
j£150.  On  the  other  hand^  it  is  expected  that  Hargreaves's  cylin- 
ders will  last  much  longer  and  need  much  less  frequent  repairs  than 
Titriol-chambers^  decomposing-pans^  and  salt-cake  furnaces.  This^ 
however^  can  only  be  ascertained  in  the  future.  At  all  events^  the 
old  iron  will  ultimately  be  worth  only  one  fourth  part  of  the  value  of 
new  iron^  whilst  old  chamber-lead  is  worth  three  fourths  of  that  of 
new  lead ;  and  the  wooden  &ame^  if  strongly  built^  lasts  even  longer. 

If  we  are  to  pronounce  finally  upon  the  prospects  of  Hargreaves^s 
process^  we  shall  not  find  this  quite  an  easy  task.  A  few  years  ago 
English  alkali-makers  had  such  a  high  opinion  of  that  process  that 
no  new  vitriol-chambers  were  built,  and  the  question  was  discussed 
whether  it  was  more  worth  while  first  to  work  down  the  eiusting 
chambers^  or  to  defray  the  cost  of  the  new  plant  at  once.  But 
afterwards  a  less  sanguine  opinion  gained  ground;  and  when 
Jones  and  Walshes  mechanical  sulphate-furnace  opened  out  the 
prospect  of  greatly  simplifying  and  cheapening  the  decomposing 
process,  it  seemed  as  if  Hargreaves^s  process  would  again  recede 
into  the  background.  Since  the  success  of  the  mechanical  decom- 
posing furnaces  has  turned  out  at  present  to  be  limited^  the 
question  is  exactly  where  it  was  before. 

The  advantages  offered  by  Hargreaves's  process  are  as  follows^ 
viz. : — a  very  laii^e  saving  in  ground-space ;  the  saving  of  nitre ; 
the  manufia^cture  of  very  strong  sulphate  almost  free  from  iron  (if 
every  thing  goes  right) ;  emancipation  from  the  pan-men^  who 
are  difBicult  to  get  and  worse  to  keep  right,  and  whose  spite  or 
carelessness  may  cause  enormous  damage  by  the  breakage  of  pans; 
probably  also  a  higher  yields  and  smaller  loss  of  sulphur  (this 
point  is  very  much  disputed);  a  steady  evolution  and  conse- 
quently comparatively  easy  condensation  of  hydrochloric  acid^  in 
spite  of  its  being  excessively  diluted  with  nitrogen  and  oxygen ; 
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comparative  freedom  from  nuisance  by  escaping  gas^  since  the  lead- 
chambers  and  decomposing-pans  and  furnaces^  always  wanting 
repairs  and  difSicult  to  keep  gas-tight^  are  replaced  by  tight  cast- 
iron  cylinders^  into  which  gas  is  aspirated  and  thus  cannot  leak 
out — ^though  on  withdrawing  the  sulphate  and  from  the  dampers 
in  the  siphons  losses  of  gas  used  formerly  to  occur^  which  have  now 
been  done  away  with^  as  we  have  seen  above ;  lastly^  it  is  expected 
that  the  apparatus  will  need  very  few  repairs. 

The  drawbacks  of  the  new  process  are  as  follows^  viz. : — ^much 
higher  prime  cost  of  plant  than  for  the  old  process  (although  on  a 
smaller  ground-space);  possibly  larger  cost  of  maintenance^  if  any 
of  the  cast-iron  cylinders  should  wear  out  (upon  this  pointy  as  well 
as  upon  the  cost  of  wear  and  tear  generally^  no  decisive  experience 
is  as  yet  in  existence) ;  greater  consumption  of  coals,  at  least  in  the 
majority  of  works^  notwithstanding  Hargreaves^s  assurances ;  but 
by  far  the  greatest  drawback  in  most  cases  is  the  above-mentioned 
inequality  of  the  process^  which  proceeded  most  of  all  from  the 
salt  not  being  prepared  in  a  thoroughly  satisfactory  way^  exacting 
an  extremely  difficult  supervision  and  causing  frequent  troubles. 
We  have  seen  above  that^  at  least  in  one  or  two  places^  the  diffi- 
culties of  a  proper  preparation  of  the  salt  have  been  completely 
overcome ;  and  here  the  process  certainly  works  in  a  most  satis- 
factory way  j  it  is  preferred  to  the  old  process^  which  is  only  re- 
tained in  order  to  use  up  the  existing  apparatus.  Where,  however, 
the  salt  is  still  prepared  in  a  rougher  way,  especially  where  it  is 
broken  up  by  hand,  the  above-mentioned  irregularity  in  the  quality 
of  the  sulphate  at  once  sets  in;  and  there  the  value  of  the  process 
is  regarded  as  very  doubtful.  For  a  smaller  make  than  at  least 
15  tons  per  diem,  the  process  does  not  seem  to  be  adapted. 

Up  to  the  present  the  following  plants,  according  to  Hargreaves, 
have  been  erected : — by  the  Atlas  Chemical  Works  at  Widnes ;  by 
Messrs.  Sullivan  and  Co.  in  the  same  place ;  by  Messrs.  Oolding, 
Davis  and  Co.,  also  at  Widnes ;  by  Messrs.  Wigg,  Steele,  and  Co. 
and  by  the  Runcorn  Alkali  Company  at  Runcorn ;  by  the  Jarrow 
Chemical  Company  at  South  Shields ;  and  by  Messrs.  Boyd  and 
Alexander  at  Dublin.  Nominally  six  of  these  works  (apart  from 
Messrs.  Golding,  Davis,  and  Co.^s)  were  to  furnish  the  considerable 
quantity  of  70,000  tons  per  annum ;  but  only  about  half  of  this 
quantity  is  actually  got  out. 

The  latest  alterations  of  the  Hargreaves  plant,  as  carried  out  at 
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Messrs.  Golding^  Davis^  and  Co.'s,  are  as  follows : — ^There  are  twelve 
cylinders  14  feet  deep^  instead  of  12  feet  like  all  the  others.  The 
flues  above  the  covers  and  underneath  the  bottoms  are  omitted ; 
the  covers  are  simple^  but  covered  with  a  double  layer  of  ashes  for 
preventing  radiation.  The  exit  gases  are  not  taken  away  at  the 
bottom  of  the  discharging-hole^  but  from  the  circulating  siphon^ 
rising  upwards^  and  thence  by  a  loose  siphon  into  a  square  flue  run- 
ning over  the  cylinders. 

A  patent  of  Hutchinson^s  (dated  Jan.  Ist^  1876^  and  already 
mentioned  on  p.  30)  aims  at  the  production  of  alkaline  sulphates 
from  their  chlorides^  by  a  process  similar  to  Hargreaves  and 
Robinson^s^  viz.  by  treating  salt  with  a  heated  mixture  of  sul- 
phurous acid^  air^  and  steam^  but  carried  out  in  a  totally  diflTerent 
way^  viz.  by  dropping  the  chlorides  as  a  spray  into  a  space  filled  with 
the  highly  heated  vapours.  This  does  not  look  very  promising ; 
we  cannot  learn  whether  it  has  ever  been  practically  tried. 

Another  variation  of  Hargreaves^s  process  has  been  patented  by 
Storr,  Best,  and  Morris,  on  April  10,  1877.  The  gas  of  the 
pyrites-bumers  is  to  be  admitted  into  the  lower  portion  of  a  coke- 
tower,  in  which  a  solution  of  potassium  or  sodium  chloride  runs 
down ;  at  the  bottom  a  solution  of  sulphates  flows  out ;  at  the  top 
hydrochloric  acid  gas  leaves  the  tower.  The  success  here  promised 
does  not  appear  probable. 
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CHAPTER  V. 


COSTS,  PURIFICATION,  AND  APPLICATION  OF 

SULPHATE. 


Costs. 


Chandelon  (Monit.  Scient.  1864,  p.  49)  gives  the  following  cost- 
accounts  of  two  English  (Widnes)  and  two  Belgian  works,  each  for 
1000  kilog.  of  sulphate. 


A.  English  works, 

franoB. 

531*5  kilog.  sulphur  at  46  per  cent,  sulphur, 

@  43- 10  francs  per  ton 22*91 

30-33    ,,      nitrate  of  soda,  @  34482  francs 

per  ton : 10*47 

875-5      „      salt,  @  8-93  francs  per  ton    ...  7*82 

575         „      coals,  @  5  francs  per  ton  2*87 

Labour    8*0 

52-07 

Repairs 4*93 

General  expenses 6'16 

1109 

6316 

TOL.  11.  M 
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B.  English  works. 

fhuics. 

582  kilog.  pyrites  at  46  per  cent,  sulphur^  @ 

4310  francs 25-08 

33-5     „    nitrate  of  soda,  @  344*82  francs . . .  1047* 

875-5     „     salt,  @  8-93  francs 7*82 

200       „     coke,  @  13-95  francs  2*71 

325       „     coals,  (cy  4-93  francs    1-60 

Wages 8 


55-68 


Repairs 493 

General  expenses 6*57 


11-50 
6718 


C.  Belgian  works. 

francs. 

894-5  kilog.  pyrites  smalls, @  27*80 francs  . . .  2487 

Clay  for  making  balls '80 

33-5  kilog.  nitrate  of  soda,  @  412*50  francs  13*81 

44-5       „      sulphuric  acid,  @  65  francs  ...  2-89 

846         „      salt,  @  32-50  francs  27*50 

1318         „      coals,  @  9-65  francs 1272 

Wages  15-25 

Lighting '37 

98*21 

Repairs 6*02 

General  expenses 5*92 

11*94 

110*15 
Deduct  value  of  the  nitre-cake 3*89 

106*26 

*  This  is  an  error ;  it  should  be  ]  1*65. 
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D.  Belgian  works, 

franoB. 

912  kilog.  pyrites  at  36  per  cent,  sulphur^ 

@  35  francs 31-92 

29      „      nitrate  of  soda,  @  345-58  francs  10*02 

900      „      salt,  @  35  francs 31*50 

1153      „      coals,  @  8-70  francs 10-02 

Wages 12-90 

Lighting '35 


96-71 
(Add  to  this  repairs  and  general  expenses.) 

Chandelon  adds  the  following  remarks.  It  appears  from  the 
cost-accounts  that  the  English  works  consume  less  pyrites,  coals, 
and  wages  than  the  Belgian  works.  For  1000  kilog.  of  sulphate 
the  English  works  only  consume  256  kilog.  of  sulphur,  against 
328  kilog.  in  the  Belgian  works — partly  because  they  bum  off  the 
pyrites  more  completely,  partly  because  they  employ  less  sulphuric 
acid  in  decomposing  the  salt  (we  shall  see  below  that  this  is  a 
mistake) .  The  smaller  consumption  of  fuel  and  the  smaller  amount' 
of  wages  on  the  whole,  whilst  each  man  earns  much  more  in  England 
than  in  Belgium,  are  accounted  for  by  the  large  scale  of  operating  : 
in  Belgium  each  furnace  decomposes  1500  to  1800  kilog.  salt  daily, 
in  Lancashire  11,000  to  12,000  (this  is  greatly  exaggerated).  In 
Belgium  the  pan  is  heated  by  the  waste  fire  of  the  roaster;  in 
England  each  has  its  own  fire,  which  permits  of  much  quicker 
work. 

To  these  remarks  we  must  add  the  following  observations. 
Chandelon's  figures,  if  they  were  trustworthy,  would  prove  that 
the  supposed  saving  of  coal  when  the  pan  is  heated  by  the  waste 
fire  of  the  roaster  is  quite  illusory;  for  as  this  compels  a  much 
slower  style  of  working  than  with  separate  fires,  twice  as  much  fuel 
is  ultimately  consumed  in  the  cases  quoted,  to  say  nothing  of  a 
similar  increase  of  expenditure  in  wages  and  higher  cost  of  plant. 
On  the  contrary,  E.  Kopp  (Monit.  Scient.  1866,  p.  611)  remarks 
that  in  France,  similar  to  Belgium,  a  slow  style  of  working  is  pre- 
ferable, because  wages  are  cheaper  and  coals  dearer  than  in  England  1 
(It  will  be  seen  from  the  statements  made  on  p.  127,  that  in  France 
certainly  more  fuel  is  consumed  than  in  England,  probably  not 

m2 
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owing  to,  but  in  spite  of,  the  slower  work ;  only  with  work  pushed 
on  as  fast  as  possible  is  there  undoubtedly  more  coal  used  in 
England.) 

It  cannot  be  said  that  the  English  product  is  inferior ;  and  as 
to  the  condensation  of  hydrochloric  acid,  undoubtedly  the  most 
difficult  problem  with  quick  work,  experience  has  shown  that  com- 
plete condensation  is  also  attainable  with  the  latter,  if  only  suitable 
appliances  are  provided. 

We  have  further  to  remark  with  reference  to  Chandelon's  figures, 
that  they  state  the  consumption  of  nitre  in  the  two  English  works 
at  12^  per  cent,  on  the  sulphur — ^that  is,  three  times  as  much  as  is 
used  now-a-days,  when  the  nitrous  gas  is  recovered,  which  was  not 
the  case  at  that  time.    The  second  Belgian  works  (for  the  first  the 
percentage  of  the  pyrites  is  not  stated)  only  requires  9  per  cent, 
nitre  on  the  sulphur — ^but,  to  all  appearance,  just  for  this  reason, 
because  the  sulphur  was  very  insufficiently  burnt  off  (down  to  6  or 
12  per  cent.,  according  to  Chandelon),  and  because,  moreover,  nitre 
was  too  much  economized ;  from  this  no  doubt  arises  the  bad  yield 
of  vitriol,  and  the  large  consumption  of  sulphur  for  the  same  quan- 
tity of  sulphate.     Here  also  is  economy  in  the  wrong  place.     No 
doubt  it  is  very  instructive  to  analyze  such  calculations;  but  this 
should  always  be  done  with  discrimination  and  with  the  guidance  of 
practical  experience.    From  this  the  author  makes  bold  to  assert 
that  Chandelon^s  accounts  of  English  costs  are  too  rose-coloured, 
at  least  as  to  the  consumption  of  pyrites  on  the  one  hand,  and  to 
the  yield  of  sulphate  (114  per  cent,  of  the  salt)  on  the  other.     It 
is  simply  impossible  to  make  1000  parts  of  sulphate  with  only  244 
parts  of  sulphur  in  the  pyrites  charged^  seeing  that  the  sulphate 
itself  contains  225  parts  of  sulphur ;  and  certainly,  at  that  period, 
even  266  parts  of  sulphur  did  not  suffice,  since  even  in  our  days, 
with  greatly  improved  appliances  and  increased  yields  in  vitriol- 
making,  according  to  all  the  author's  experience  and  information, 
very  rarely  below,  but  nearly  always  above  266  parts  of  sulphur  in 
the  pyrites  bought  or  charged  (different  from  the  sulphur  actually 
burnt)  is  required.    . 

E.  Kopp  {loc.  cit.)  quotes  the  following  cost-account  of  sulphate 
in  England,  for  1866,  which  cannot  be  directly  compared  with  the 
foregoing,  because  it  does  not  start  immediately  firom  pyrites^  but 
from  sulphuric  acid.    It  refers  to  an  open  roaster. 

For  100  kilog.  sulphate  there  are  required  :— 
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franos. 

88  kilog.  salt,  @  10  francs  per  ton 0*88 

88      ,,    sulphuric  acid  at  60^  Baume,  @  60 

francs  per  ton    5*28 

20      „    coke,  @  14  francs  per  ton  0*28 

80      „    coals,  @  7  francs  per  ton 0*21 

Wages   0-40 

705 

General  expenses   0*35 

Repairs  0*40 

0-75 


7-80 


Here  also  the  yield  on  the  salt  is  assumed  too  high,  but  the  cost 
of  sulphuric  acid  is  assumed  quite  disproportionately  high,  as  if  it 
irere  not  made  at  the  works,  but  bought  in  carboys ;  this  explains 
the  extraordinarily  high  price,  in  England,  of  the  sulphate. 

The  following  is  a  statement,  from  the  result  of  a  normal  year 
in  the  author^s  own  experience,  of  the  cost  for  sulphate  made  with 
open  roasters :  1000  kilog.  of  sulphate  required 

£    8,     d. 
913  kilog.  salt  with  5  per  cent,  moisture, 

@14* 0  12  9-4 

959      „    sulphuric  acid  at  144°  Tw.,  @ 

2Ss.* 1  6  10-2 

160      „    coals,  @  5* 0  0  96 

195      „     coke,  @14» 0  2  8*8 

Wages 0  4  3 

Repairs  (exclusive  of  broken  pans)    0  1  3 

Average  cost  of  broken  pans 0  0  5 

£2    9    1 

In  order  to  make  this  calculation  comparable  with  those  of 
Chanddon,  we  will  state  the  requisite  quantities  &c.,  starting 
directly  from  pyrites,  viz. : — 

*  This  is  cost  to  the  maker,  with  pyrites  much  dearer  than  at  present. 
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B91  kilog.  pyrites  at  48  per  cent,  sulphur. 

11*3  ,,     nitrate  of  soda. 
913  kilog.  salt. 

370     y,     coaiA  and  195  coke. 
Wages,  78.  3^d. 
Repairs  (inclusive  of  the  renewal  of  chambers) ,  2*.  7'2d. 

In  none  of  these  cost-accounts  is  the  value  of  the  hydrochloric 
acid,  obtained  as  a  by-product,  reckoned. 

At  several  factories  on  the  Tyne  it  is  asserted  that  they  only 
require  540  parts  of  pyrites  for  1000  parts  of  97-per-cent.  sulphate  ; 
at  others  in  Lancashire,  the  amount  stated  is  only  513  parts  of 
pyrites  (details  on  p.  126) ;   but  since,  as  a  rule,  statements  of 
yields   are  very  unreliable,   and   every  manager  represents  his 
results  in  the  most  flattering  light,  such  statements  cannot  be 
implicitly  accepted,  and  the   author  has  preferred   to  base  his 
account  of  the  costs  upon  much  less  favoura^^le  data.     Theoreti- 
cally 1000  parts  of  97-per-cent.  sulphate  would  only  require  218 
parts  of  sulphur  or  455  parts  of  48-per-oent.  pyrites ;  the  loss  of 
about  20  per  cent,  of  sulphur  is  to  be  accounted  for  partly  by  the 
residual  sulphur  in  the  burnt  ore,  partly  (but  to  a  very  slight 
extent)  by  a  loss  of  gas  in  the  chamber  process,  partly  (to  a  much 
greater  extent)  by  the  excess  of  sulphuric  acid  employed  in  decom- 
posing the  salt. 

Purification  op  Sulphate  op  Soda.    Manupacture  of 

Glauber's  Salt. 

This  operation  is  only  practised  upon  a  very  small  fraction  of  all 
the  sulphate  manufactured.  In  the  first  place,  of  course,  all  sul« 
phate  of  soda  required  for  pharmaceutical  purposes  must  be  puri- 
fied, for  which  purpose  it  is  also  brought  into  the  state  of  crystals 
or  "Glauber's  salt.*'  Otherwise  the  latter  are  very  little  used^ 
since  their  large  percentage  of  water  makes  their  carriage  expen* 
sive  and  prevents  their  employment  for  many  purposes  without 
previous  drying,  for  instance  for  glass-making. 

For  pharmaceutical  purposes  Glauber's  salt,  which  is  usually 
supplied  already  in  the  crystallized  state,  is  purified  by  dissolving 
in  one  third  of  its  weight  of  tepid  water  (say  at  83°  C),  filtering^ 
and  cooling.  In  case  of  need  a  few  soda  crystals  are  added  in  order 
to  saturate  any  free  acid  present  and  to  precipitate  any  iron. 
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Sometimes  the  sulphate  must  be  purified  on  a  larger  scale  for 
glass-makings  if  it  is  required  all  but  entirely  free  from  iron — ^for 
instance^  for  plate  glass.  Most  of  the  sulphate  employed  for  this 
purpose  is  not  made  by  purifying  crude  sulphate  (which  is  an  ex- 
pensive process),  but  by  direct  preparation  of  sulphate  comparatively 
free  from  iron  in  lead  pans ;  this  sulphate  has  recently  been  driven 
out  of  the  market  in  many  places  by  that  which  is  made  by  the 
Hai^reaves  process.  At  some  places,  however,  it  may  happen 
that  pure  sulphate  must  be  made  from  the  crude  product  by  dis- 
solving, precipitating  the  impurities,  settling,  and  boiling  down. 
For  plate-glass-making  especially,  it  is  important  to  remove  as 
much  of  the  ferric  oxide  as  possible,  because  it  is  converted  by  the 
coal  contained  in  the  glass-mixture  into  ferrous  oxide  (silicate)  > 
the  green  colour  of  which  is  much  more  visible  in  the  thick  plate  i 
glass,  than  in  sheet  glass.  Crude  sulphate  usually  contains  from 
O'l  to  0*3  per  cent,  iron,  sometimes  more,  which  by  refining  can 
be  brought  down  to  0*006  per  cent. 

The  apparatus  and  process  employed  at  the  St.-Gobain  plate- 
glass  works  near  Stolberg  have  been  described  by  Jaeckel  (Dingl. 
Jonm.  clxi.  p.  109) .  There  is  an  iron  tank  about  4^  feet  long, 
4  feet  wide,  and  3  feet  high,  with  water-  and  steam-pipes.  The 
water  is  heated ;  and  then  the  sulphate  is  put  in  in  suspended  sieves. 
When  the  liquid  has  attained  a  strength  of  57°  Tw.,  which  for  each 
tank  takes  about  8  cwt.  of  sulphate,  the  sieve  is  taken  out,  and 
about  28  lb.  of  lime,  slaked  to  a  thick  mud,  are  added  and  well 
stirred  up ;  after  four  hours  the  clear  solution  is  drawn  off  by  means 
of  lead  siphons  from  the  brown  mud,  standing  about  5  inches  high. 
The  mud  is  washed  with  hot  water,  and  the  washings  employed  for 
dissolving  fresh  sulphate.  The  strong  liquor  is  boiled  down  in  pans 
8  feet  long,  5  feet  wide,  and  l^  foot  high;  and  the  small  crystals 
formed  in  boiling  are  fished  out  and  drained.  Each  pan  frimishes 
in  each  operation  (12  hours)  about  10  cwt.  of  sulphate.  The  latter 
is  then  dried  in  reverberatory  furnaces,  which  are  charged  every 
four  hours,  and  each  time  furnish  5  cwt.  of  dry  sulphate.  The 
whole  plant  (which  makes  the  impression  of  an  unsuitable  multi- 
plication of  small  apparatus  in  lieu  of  employing  a  few  large  ones) 
cost  jE405.  The  average  loss  on  the  refining  is  7  per  cent.  The 
costs  were  as  follows : — 
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£,      8.  d. 

1612i  kilog.  sulphate,  @  15*.  per  100  kil.     12     1  10 

BO      „      lime    0    0  5 

Wages  (10  men) 0  19  3 

Coals,  28 '' ScheffeP' 0  15  8 

Greneral  expenses  and  repairs 16  9 


Yield :  1500  kilog.  of  refined  sulphate  =r  £15     3    6 

The  author  has  himself  refined  several  hundreds  of  tons  of  sul- 
phate for  plate^glass^making  in  a  similar  manner,  employing  exactly 
the  same  apparatus  as  for  making  "  refined  alkali "  from  common 
soda-ash ;  the  process  also  is  so  similar  to  that  of  refining  alkali, 
that  its  special  description  may  in  this  place  be  omitted.  We  will 
only  mention  that,  after  dissolving,  the  solution  was  boiled  with 
exactly  sufficient  lime  and  a  very  little  bleaching-powder,  in  order 
to  obtain  a  perfectly  neutral,  limpid  solution  quite  free  from  iron, 
which,  after  complete  settling,  was  boiled  down  in  a  pan  by  an 
open  coke  fire ;  the  salt  was  dried  in  an  open  furnace,  and  ground. 

Instead  of  separating  the  sulphate  by  evaporation,  it  may  be  cry- 
stallized by  cooling,  and  from  the  crystallized  Glauber's  salt  with 
10  molecules  H^O  the  anhydrous  sulphate  prepared  by  Pechiney's 
process  (German  Patent,  No.  1842,  Jan.  12th,  1878) .  The  Glauber's 
salt  is  heat-ed  in  a  pan  furnished  with  an  agitator,  by  means  of  steam, 
to  a  temperature  of  40°  or  6QP  C.  When  it  has  been  melted  in  its 
water  of  crystallization,  common  salt  or  magnesium  sulphate,  or  a 
mixture  of  both,  is  added,  whereupon  the  anhydrous  sulphate  is 
separated  and  can  be  obtained  by  filtration  or  by  a  centrifugal 
machine.  With  16  to  20  parts  of  common  salt  to  100  parts  of 
Glauber's  salt,  90  per  cent,  of  the  latter  can  be  precipitated ;  with 
45  parts  of  mixed  salts,  as  they  are  obtained  at  salt-works  (i.  e. 
45NaCl+55MgS04),  to  100  parts  of  Glauber's  salt,  the  latter  is 
completely  precipitated. 

Sometimes  the  sulphate  is  not  to  be  sold  in  the  anhydrous,  but 
in  the  crystallized  state,  as  Glauber's  salt.  The  quantity  of  the 
latter  made  is  not  very  great  since  its  use  has  been  restricted  prin- 
cipally to  medicinal  purposes,  whilst  formerly  it  served  very  largely 
for  adulterating  soda  crystals  and  Epsom  salts.  For  this  purpose 
the  sulphate  is  dissolved  just  as  for  making  ordinary  refined  sul- 
phate ;  but  the  settled  warm  solution  is  not  boiled  down,  but  filtered 
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through  a  linen  cloth  and  run  into  coolers.  If  the  latter  are  large 
and  shallow  (say  1  to  1^  inches  deep),  and  if  the  liquor  is  protected 
against  shaking,  it  crystallizes  in  long,  thick,  transparent  prisms, 
very  similar  to  soda  crystals ;  the  mother-liquor  is  run  off  by  open- 
ing a  plug-hole  in  the  bottom  of  the  cooler ;  the  crystals  are  taken 
out  by  means  of  a  spade  or,  in  case  of  need,  of  a  crow-bar,  spread 
on  a  deal  bench  tOl  they  are  superficially  dried,  and  packed  into 
casks  before  the  drying  has  proceeded  to  incipient  efflorescence. 
By  adding  12  parts  of  soda-ash  to  100  parts  of  sulphate  the  crystals 
ate  obtained  a  good  deal  larger,  firmer,  and  more  like  soda ;  this 
is  done  expressly  for  the  purpose  of  selling  the  product  as  "  best 
Scotch  soda''  (Swindells,  Chem.  News,  xvi.  p.  227)  1 

If,  however,  the  crystals  are  to  be  obtained  as  small  as  possible, 
the  settled  liquor  is  run  into  deeper  coolers  and,  as  soon  as  the 
temperature  sinks  below  83°  C,  it  is  slowly  stirred  with  a  wooden 
paddle  till  it  has  cooled  down  completely.  Thus  the  crystallization 
is  disturbed,  and  instead  of  the  large  prisms,  small  needles  are 
fonned  which  closely  resemble  Epsom  salts  and  formerly  actually 
were  sold  by  this  name.  They  were  altogether  only  made  for 
adulterating-purposes ;  but  with  the  present  low  price  of  real 
Epsom  salts  this  would  not  pay.  Such  mock  Epsom  salts  can  be 
instantly  distinguished  from  the  real  article  by  a  solution  of  soda, 
which  gives  a  precipitate  with  the  latter,  but  not  with  the  adulte- 
rated article  unless  it  contains  some  real  Epsom  salts. 

The  coolers  may  be,  on  a  small  scale  earthenware  dishes,  on  a 
larger  one  wooden  tubs  (difficult  to  keep  tight),  wooden  cisterns 
lined  with  lead,  also  cast-iron  or  wrought-iron  vessels ;  but  these, 
before  use  and  every  time  they  stand  empty,  must  be  scoured 
bright  with  a  brick  or  with  pumice ;  and  in  spite  of  this,  rust-spots 
upon  the  crystals  adhering  to  the  sides  cannot  usually  be  avoided. 
This  can  be  done  by  painting  the  well  scoured  and  dried  surface 
with  a  double  coat,  say,  of  iron  minium  (ferric  oxide  and  clay)  and 
boiled  linseed  oil,  adding  some  drying-preparation.  The  paint 
must  be  renewed  from  time  to  time. 


Applications  of  Sulphate. 

Probably  a  larger  quantity  of  sulphate  of  soda  is  produced  than 
of  any  other  chemical  product,  except  the  metals  and  sulphuric 
acid  itself;  but  only  a  small  portion  is  consumed  otherwise  than 
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a8  an  intennediate  product  in  alkali-making.  Most  of  the  sulphate 
otherwise  employed  is  used  in  gla^s-making^  the  purer  article  for 
plate  glass  and  white  bottles^  the  crude  article  for  sheet  glass  and 
green  bottles.  Other  applications  are  : — for  making  ultramarine ; 
for  Glauber's  salt ;  for  impregnating  seeds  as  a  protection  against 
rust  (Wagner^s  Jahresb.  1856,  p.  189) ;  for  decomposing  the 
calcium  chloride  in  the  mother-liquors  of  saltpetre  works;  for 
decomposing  calcium  acetate  in  making  sodium  acetate;  for 
manufacturing  the  hydrochlorite,  hyposulphite,  and  several  other 
salts  of  sodium  from  the  corresponding  calcium  salts. 

The  crystallized  salt  is  employed  in  medicine,  especially  for 
veterinary  purposes,  and  in  chemical  laboratories  for  cold-pro* 
ducing  mixtures. 
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CHAPTER  VI. 

GENEEAL  NOTES  ON  HYDROCHLOEIC  ACID. 

HiaioricaL 

The  ancients  were  already  acquainted  with  the  cementation  of 
argentiferous  gold  by  heating  it  with  common  salt  and  copperas  or 
alam^  in  which  case  hydrochloric  acid  is  set  free  and  comes  into 
action.  To  the  Arabian  alchemists  aqua  regia  was  well  known ; 
but  pure  aqueous  hydrochloric  acid  is  first  mentioned  by  Basilius 
Valentinus  in  the  15  th  century.  At  the  end  of  the  16th  century 
Libavius  mentions  its  evolution  by  heating  with  clay;  Glauber 
still  (1648)  calls  it  the  dearest  of  all  acids  and  the  most  difficult  to 
prepare!  He  kept  secret  its  preparation  from  salt  and  oil  of 
vitriol,  discovered  by  himself.  He  also  knew  the  hydrochloric 
add  gas ;  but  Priestley  first  collected  this  gas  over  mercury,  and 
described,  in  1772,  its  properties  (details  in  Kopp's  '  Geschichte 
der  Chemie,'  iii.  p.  346) . 

Chemical  Properties  of  Hydrochloric  Add  {Muriatic  Acid,  HCl). 

Hydrochloric  acid  is  sometimes  found  in  nature  in  the  free  state 
or  in  aqueous  solution — ^for  instance  in  volcanic  exhalations,  springs 
and  brooks^  and  in  the  water  of  some  rivers  along  with  free  sul- 
phuric acid  (Vol.  I.  p.  16).  In  the  animal  body  hydrochloric  acid 
is  mostly  present,  because  the  stomachic  glands  secrete  it,  and 
tlius  the  gastric  juice  contains  it^  at  least  at  times.  Thus  the 
gastric  juice  of  the  dog  on  the  average  contains  about  3  per  cent. 
HCl.  In  the  salivary  glands  of  Dolium  galea,  also,  0*4  per  cent. 
HCl  is  found  along  with  free  sulphuric  acid.  Hydrochloric 
acid  is  formed  synthetically  from  its  elements  if  they  are  mixed  in 
equal  volumes  and  exposed  to  the  daylight;  upon  this  action 
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Bunsen  and  Boscoe's  method  for  measuring  the  chemical  action  of 
light-rays  is  founded.  In  the  direct  light  of  the  sun  the  two  gases 
unite  with  an  explosion ;  also  by  heating  and  by  the  action  of  the 
electric  spark  (the  latter  even  when  much  diluted  by  air),  but  not 
by  the  action  of  platinum  sponge. 

Hydrochloric  acid  is  formed  besides  by  the  action  of  chlorine  on 
all  compounds  of  hydrogen  (except  hydrofluoric  acid),  and  especi- 
ally on  organic  substances  under  various  conditions ;  also  by  the 
action  of  hydrogen,  and  especially  of  hydrogen  compounds,  on 
many  chlorides.  The  only  way  of  preparing  it  in  practice  is  by 
the  action  of  sulphuric  acid  upon  common  salt  and,  in  Hargreaves's 
process  that  of  sulphurous  acid,  along  with  atmospheric  air  and 
steam  upon  the  same ;  the  preparation  of  that  acid  from  chlorides 
containing  water  of  crystallization,  especially  those  of  calcium 
and  magnesium,  has  not  yet  been  technically  successful.  It 
appears  that  Pelouze  first  proposed  this  process  (Compt.  Rend. 
Hi.  p.  1267)  :  he  found  that  calcium  chloride,  mixed  with  sand  in 
order  to  prevent  fusion,  was  completely  decomposed  at  a  red  heat 
with  evolution  of  large  quantities  of  HCl.  This  suggestion  has 
recently  been  taken  up  again  by  Solvay,  in  order  to  utilize  the 
calcium  chloride  obtained  as  a  by-product  in  making  soda  by  the 
ammonia-process,  and  in  many  other  technical  processes  (English 
patents  of  Jan.  9th  and  12th,  1877).  He  prescribes  to  evaporate 
the  solution  of  calcium  or  magnesium  chloride  almost  to  dryness, 
to  mould  the  residue  with  sand  or  clay  into  balls  or  the  like,  to 
put  these  into  iron  or  brick  towers  heated  from  the  outside,  and 
to  conduct  a  current  of  superheated  steam  through  the  same ;  HCl 
escapes,  and  can  be  condensed  in  the  usual  manner,  or  else  it  is 
allowed  to  act  upon  the  silicates  or  aluminates  obtained  before : 
thus,  on  the  one  hand,  CaCl^  or  MgCl^  is  obtained  back  again, 
and,  on  the  other  hand,  finely  precipitated  silica  or  alumina.  The 
silicates  or  aluminates  may  also  be  employed  directly  in  the  manu- 
facture of  soda  by  the  ammonia  process  for  decomposing  the  solu- 
tion of  sal-ammoniac  (comp.  Book  III.  Chapter  XVI.).  Solvay 
founds  this  process  on  an  observation  which  he  believes  he  has 
made,  that  in  the  presence  of  calcium  chloride  and  steam,  and  at 
a  very  high  temperature,  alumina  behaves  like  an  acid  and  liberates 
HCl  from  CaClj  or  MgCl^;  even  silicate  of  alumina,  and  of  course 
silica  itself,  are  supposed  to  act  in  the  same  way;  there  remain 
behind  the  silicates  and  aluminates  of  calcium  or  magnesium.     At 
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least  an  equal  weighty  or  more^  of  the  earthy  substances  must  be 
taken  with  calcium  chloride ;  for  magnesium  chloride  less  is  suffi- 
cient. Touching  the  practical  success  of  this  process^  nothing 
can  be  heard  of  it.  On  the  contrary^  Franck  (Zeitsch.  f .  d.  chem. 
Grossgew.  ii.  p.  896)  contends  that  the  decomposition  in  that 
operation  is  very  incomplete^  since  part  of  the  HCl  at  first  formed 
is  afterwards  reabsorbed^  CaCl^  being  reformed.  In  any  case 
hydrochloric  acid  manufactured  in  this  way  must  cost  so  much  for 
labour^  coab^  and  wear  and  tear  of  apparatus^  that^  in  all  proba- 
bility^ it  cannot  compete  with  that  obtained  as  a  by-product  in 
making  sulphate  of  soda. 

Hydrochloric  acid  is  decomposed  by  electrolysis — ^the  dry  gas  only 
to  a  small  extent  by  long-continued  sending  through  it  electric  or 
induction-sparks^  partially  also  by  heating  to  1500°  C.  Aqueous 
hydrochloric  acid^  exposed  to  sunlight  in  a  closed  bottle  for  a 
length  of  time^  gives  oflF  free  chlorine,  which  can  be  detected  by 
gold  leaf  after  a  few  hours.  Many  other  decompositions  of  HCl 
are  mentioned  in  Gmelin-Kraut^s  '  Handbuch  der  Chemie/  i.  2, 
p.  879. 

Dry  hydrochloric  acid  is  a  colourless  gas,  with  the  density  1*2596 
(calculated),  molecular  weight  36'4573  and  consists  of — 

By  yolume.        By  weiglifc. 

H 1  2-74 

a 1  97-26 

It  can  easily  be  liquefied  by  simultaneous  action  of  cold  and  pres- 
sure ;  but  this  liquid  cannot  be  soUfied  even  at  — 110  °C,  and  pos- 
sesses a  tension  of  26*2  atmospheres  at  0°,  one  of  40  atmospheres 
at  + 12*5°  C.  When  absolutely  dry  it  does  not  at  once  redden 
blue  litmus  paper,  which  after  some  time  it  chars.  Hydrochloric 
acid  has  great  affinity  for  water,  and  condenses  with  the  aqueous 
vapour  of  atmospheric  air  into  thick  fumes;  water  absorbs  it 
with  considerable  evolution  of  heat ;  and  even  borax,  magnesium 
sulphate,  or  sodium  sulphate,  containing  water  of  crystallization, 
absorb  it  from  gaseous  mixtures. 

Aqueous  hydrochloric  acid  is  colourless,  unless  containing  im- 
purities ;  a  yellow  colour  may  be  caused  by  ferric  chloride,  free 
chlorine,  or  organic  substances.  At  the  freezing-point  of  mercury 
it  concretes  to  a  butter-like  mass.     In  the  concentrated  state  it 
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fumes  in  the  air.  According  to  H.  Deicke  1  cub.  centim.  of  water 
at  f^  and  760  millims.  pressure  absorbs  a  number  of  cubic  centims. 
of  HCl  gas^  at  the  same  temperature  and  pressure^  shown  in  the 
following  Table  at  a ;  the  resulting  aqueous  acid  has  the  specific 
gravity  shown  at  8,  and  contains  c  per  cent,  of  HCl. 

f^,  a  Tols.  8.  c  per  cent.  HCl. 

0  525-2  1-2257  45148 

4  494-7  1-2265  44-361 

8  480-3  1-2185  43828 

12  471-3  1-2148  43-277 

14  462-4  1-2074  42829 

18  451-2  1-2064  42-344 

18-25 450-7  1-2056  42283 

23  435-0  1-2014  41536 

Boscoe  and  Dittmar  have  examined  the  influence  of  pressure  and 
temperature  upon  the  solubility  of  HCl  in  water.  Their  table  of 
the  decrease  of  solubility  for  a  decrease  of  pressure  is  given  in 
Gmelin-Kraut's  Handbuch^  i.  2,  383.  Their  table  for  changes  of 
temperature  is  as  follows,  viz. : — 

1  gram  of  water  absorbs  at  760  mm.  pressure  : — 

At  0°C 0-825  gram  HCL 

„   4„  0-804 

}y     8  „  0-783    „ 

„  12  „  0-763 

„  16  „  0-742 

„  20  „  0-721 

„  24  „  0-700 

„  28  „  0-682 

„  32  „  0-665 

„  36  „  0-649    „ 

„  40  „  0-633 

„  44  „  0-618 

„  48  „  0-603 

„  52  „  0-589 

»  56  „  0-575 

„  60  „  0-561 
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Concentrated  aqueous  hydrochloric  acid  on  heating  loses  both  gas 
and  water,  and  becomes  weaker  on  boiling,  till,  according  to 
Bineau,  its  specific  gravity  has  attained  1*101  and  its  composition 
is  20-17  HCl  +  7982  HgO,  which  exactly  corresponds  to  the  formula 
HCl,  8  HgO ;  it  then  boils  at  110°  C,  and  distils  without  any 
change.  On  the  other  hand,  more  dilute  acid  on  boiling  loses 
more  water  than  gas,  till  it  has  arrived  exactly  at  the  same  point. 
Roscoe  and  Dittmar  have  confirmed  this  for  pressures  differing 
little  or  not  at  all  &om  760  millim.,  with  the  small  correction  of 
20'24i  HCl  as  the  percentage  of  the  acid  distilling  without  change. 
But  they  found  that  at  a  lower  pressure  the  acid  distilling  un- 
changed is  stronger  (for  instance  at  700  millim. =20*4  per  cent. 
HCl) ;  at  a  higher  pressure  it  is  weaker  (for  instance  at  2000 
millim8.=18'5  per  cent.  HCl). 

In  the  air,  according  to  Bineau,  the  stronger  acid  gradually  loses 
HCl  tiU  it  reaches  the  specific  gravity  1*128  at  15°  C. ;  it  then 
contains  25*2  per  cent.  HCl.,  corresponding  to  the  formula 
HCl,  6H2O,  and  boils  at  106*^  C,  with  a  loss  of  gas.  But  Roscoe 
and  Dittmar  have  shown  that  here  also  the  temperature  is  a  deci- 
sive factor ;  for  each  temperature  an  acid  of  a  certain  strength  re- 
mains behind,  weaker  at  higher  temperatures  (tables,  loc.  cit.), 
which  then  evaporates  without  a  change.  The  assumption  of 
certain  hydrates  of  HCl  is  thus  without  a  foundation,  except  the 
hydrate  HCl,  2H3O  which  is  formed  on  conducting  hydrochloric 
acid  gas  into  aqueous  hydrochloric  acid  cooled  down  to  —22^  C. ; 
in  this  case  the  gas  is  absorbed  tiU  suddenly  the  temperature  rises 
to  — 18°,  and  the  above  compound  is  separated  in  crystals  which, 
on  being  taken  out  of  the  cooling-mixture,  at  once  melt  and  very 
soon  give  off  hydrochloric  acid  gas. 

Passing  over  the  older  Tables  of  Davy,  Kirwan  and  Dalton,  and 
Ure,  we  shall  only  reproduce  the  most  recent  one,  Kolb's  (Compt. 
Bend.  Ixxiv.  p.  337)  : — 
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Hydrometer. 

Specific 
gravity. 

100  parte 

contain 

at  0®  C. 

HOI. 

100  parts  contAin  at  15°  0. 

Degrees, 
BaumS. 

Degrees, 
Twaddle. 

HOI. 

Acid  of 
32«Tw. 

Acid  of 
34'^a?w. 

Acid  of 
36°  Tw. 

0 

0 

1-000 

0-0 

0-1 

0-3 

0-3 

0-3 

1 

H 

1-007 

1-4 

1-6 

4-7 

4-4 

4-2 

2 

3 

1014 

2-7 

2-9 

90 

8-6 

81 

3 

4* 

1-022 

4-2 

4-6 

14-1 

13-3 

12-6 

4 

6 

1-029 

5-6 

6-8 

18-1 

17-1 

16-2 

6 

7 

1-036 

6-9 

7-3 

22-8 

21-5 

20-4 

6 

9 

1-044 

8«4 

8-9 

27-8 

26-2 

24-4 

7 

104 

1-052 

9-9 

10-4 

32-6 

307 

291 

8 

12 

1-060 

11-4 

120 

37-6 

35-4 

33-6 

9 

134 

1-067 

12-7 

13-4 

41-9 

39-6 

37-5 

10 

16 

1-076 

14-2 

150 

46-9 

44-2 

420 

11 

164 

1-083 

15-7 

16-5 

51-6 

487 

46-2 

12 

18 

1-091 

17-2 

18-1 

667 

63-4 

607 

13 

20 

1100 

18-9 

19-9 

62-3 

687 

66*7 

14 

214 

1108 

20-4 

21-6 

67-3 

63-4 

60-2 

16 

23 

1-116 

21-9 

23-1 

72-3 

681 

647 

16 

26 

1-126 

23-6 

24-8 

77-6 

73-2 

69-4 

17 

27 

1-134 

26-2 

26-6 

83-3 

78-5 

74-6 

18 

284 

1143 

270 

28-4 

88-9 

830 

79-5 

19 

304 

1162 

28-7 

30-2 

94-5 

890 

84-6 

19-6 

314 

1-167 

29-7 

31-2 

977 

920 

87-4 

20 

32 

1161 

30-4 

320 

lOOO 

94-4 

89-6 

20-6 

33 

1166 

31-4 

330 

103-3 

97-3 

92-4 

21 

34 

1171 

32-3 

33-9 

106-1 

lOOO 

94-9 

21-5 

36 

1176 

330 

34-7 

108-6 

102-4 

97-2 

22 

36 

1-180 

341 

35-7 

1117 

105-3 

lOOO 

22-6 

37 

1-186 

35-1 

368 

115-2 

108-6 

103O 

23 

38 

1-190 

36-1 

37-9 

118-6 

111-8 

106-1 

23-6 

39 

1196 

371 

390 

1220 

1150 

109-2 

24 

40 

1199 

380 

39-8 

124-6 

117-4 

111-4 

24-6 

41 

1-206 

39-1 

41-2 

1300 

121-5 

115-4 

26 

42 

1-210 

40-2 

42-4 

1327 

1250 

1190 

26-6 

424 

1-212 

41-7 

42-9 

134-3 

126-6 

120-1 
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Another  table^  by  Kremers  (Poggend.  Annal.  cviii.  p.  115)  is  of 
technical  importance^  showing  the  modifications  in  the  volume  of 
hydrochloric  acid  caused  by  changes  of  temperature.     The  table 
indicates  the  volume  of  acid  of  a  certain  specific  gravity  8  and  per- 
centage/? at  another  than  the  normal  temperature  of  19^*5  C. 


Tempe- 
rature. 

Sp.gr.  1-0401, 

8'9  per  cent. 

HOI. 

Sp.  gr.  1-0704, 

lt)-6  per  cent 

HOI. 

Sp.  gr.  1-1010, 
255  per  cent. 

Sp.  gr.  1-1330. 
3o-8  per  cent 

Sp.  gr.  1-1608, 
46-6  per  cent 

0<»C. 

099557 

0-99379 

0-99221 

0-99079 

0-98982 

19-6 

100000 

1-00000 

1-00000 

1-00000 

100000 

40 

1-00707 

1-00781 

1-00877 

100990 

1-01063 

60 

1-01518 

1-01665 

1-01794 

1-01969 

1-02108 

80 

102639 

102676 

102791 

1-02986 

100 

1-03855 

1-03801 

1-03867 

104059 

For  instance,  an  acid  of  25'5  per  cent.  HCl,  showing  at  19°'5  the 
spec.  grav.  1-101=20°  Tw.,  will  only  show— 

At  100°  C,  T^^^  =  lOGO.spec.  grav.  =  12°  Tw. 


„     80°, 


»    60°, 


4£P 


103867 

jao]_ 

1-02791 


=  1071 


}>         }y 


=  u° 


1101 


101794 

1101 
100877 


;^  =  1082 


9) 


»     =  16V 


}f 


}f 


=  1091      „      „    =  18°    „ 


Hydrochloric  is  a  very  strong  acid,  which  even  in  a  very  highly 
diluted  state  still  reddens  blue  litmus-paper,  and  has  a  strongly 
acid  taste.  It  dissolves  most  metallic  oxides,  forming  chlorides, 
also  many  metals  with  evolution  of  hydrogen,  especially  all  metals 
soluble  in  dilute  sulphuric  acid.  Lead  also,  which  is  scarcely  at 
all  attacked  by  dilute  sulphuric  acid,  is  quickly  corroded  and 
dissolved  by  somewhat  concentrated  and  hot  hydrochloric  acid; 
accordingly,  lead  vessels,  pipes,  &c.  are  to  be  avoided  as  much  as 
possible  in  its  condensation  or  employment. 
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Of  great  importance  is  the  action  exerted  by  hydrochloric  acid 
npon  compounds  very  rich  in  oxygen,  viz.  upon  the  peroxides  of 
manganese  and  lead,  chromic  acid  and  its  salts,  nitric  acid,  8cc. 
In  aU  these  cases,  but  in  some  only  on  heating,  the  active  oxygen 
liberated  on  dissolving  the  metal,  or  by  the  decomposition  of  nitric 
acid,  acts  upon  the  excess  of  hydrochloric  acid  so  that,  together 
with  water,  free  chlorine  is  generated.  Upon  this  reaction  is 
founded  the  industrial  preparation  of  chlorine  and  the  products 
obtained  by  its  acid,  as  well  as  the  solvent  action  of  aqua  regia 
(i.  €.  of  a  niiixture  of  nitric  and  hydrochloric  acids)  upon  gold,  pla- 
tinum, &c.  Hydrochloric  acid  dso  expels  most  of  the  other  acids 
from  their  salts;  many  natural  silicates,  especially  the  zeolites, 
and  also  artificially  prepared  ones  (slags),  are  decomposed  by  diges- 
tion with  HCl  with  formation  of  gelatinous  silica,  of  course  most 
easily  the  soluble  silicates  of  potassium  and  sodium.  Phosphoric, 
boric,  carbonic,  &c.  acids  are  firequently  liberated  by  hydrochloric 
add.  Quite  recently,  however,  the  remarkable  fact  has  been 
proved  (comp.  also  p.  4)  that  even  sulphuric  acid  itself,  under 
certain  circumstances,  behaves  towards  hydrochloric  acid  as  the 
weaker  acid,  although,  owing  to  its  greater  resistance  to  heat  and 
its  afBjiity  for  water,  it  mostly  expels  the  latter  acid.  Thomsen 
has  shown,  by  thermochemical  experiments,  that  in  dilute  solutions 
hydrochloric  acid  possesses  twice  the  affinity  of  sulphuric  acid,  i,  e. 
that  for  equal  equivalents  it  draws  two  thirds  of  the  bases  to  itself. 

Boussingault  (Compt.  Rend.  Ixxviii.  p.  593)  has  made  direct 
experiments  on  the  decomposition  of  sulphates  by  HCl  at  a  higher 
temperature.  But  most  conclusive  are  the  results  obtained  by 
Hensgen  (Deutsch.  chem.  Ges.  Ber.  ix.  p.  1671)  from  the  action 
of  dry  gaseous  HCl  upon  different  sulphates.  Potassium  sulphate 
is  not  sensibly  decomposed  either  in  the  cold  or  at  100° ;  but  a 
little  below  a  dark  red  heat  almost  a  quantitative  decomposition 
into  chloride  and  free  sulphuric  acid  sets  in.  Anhydrous  sodium 
sulphate  behaves  in  the  same  way ;  but  crystallized  sodium  sul- 
phate (Na^S04,  10  HjO)  is  by  a  current  of  hydrochloric  acid  gas 
completely  converted  into  NaCl  already  at  ordinary  temperatures, 
and  even  at  — 17°  C.  It  first  melts  in  its  water  of  crystallization ; 
and  afterwards  the  temperature  rises  to  53°  or  55°  C.  Lithium 
sulphate  was  decomposed  as  completely,  the  sulphates  of  ba- 
rium, strontium,  and  calcium  nearly  but  not  quite  completely. 
Cupric  sulphate,  either  anhydrous  or  containing  only  one  molecule 
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of  H^Oy  with  dry  HCl  seems  to  form  an  addition  product  of  the 
formula  CuS04-h2HCl,  which  in  dry  air  over  quicklime  parts  with 
all  its  acid  again^  but  heated  in  a  current  of  air  or  oxygen  gives 
off  free  chlorine  and  water^  and  probably  plays  an  important  part 
in  Deacon^s  chlorine  process. 

It  should  be  remarked  that  in  these  experiments  the  sulphates 
were  exposed  to  a  large  excess  of  hydrochloric  acid  in  an  atmo- 
sphere of  this  gas.  Under  ordinary  circumstances  the  reaction 
does  not  proceed  in  this  way.  When  a  chloride,  say  NaCl,  is 
brought  into  contact  with  sulphuric  acid,  the  HCl  is,  at  least  partly, 
Uberated,  and  on  raising  the  temperature  can  be  completely  ex- 
pelled, because  after  the  £ree  HCl  is  expelled  the  SO4H2  can  de- 
compete  a  fresh  portion  of  the  chloride. 

Examination  of  Hydrochloric  Acid.         4  /  f   /  '  ^    /  * 

The  ordinaj*y  impurities  of  hydrochloric  acid  can  be  detected  in 
the  following  way : — 

Frequently  it  contains  sulphurous  acid,  if  this  was  contained  in 
the  sulphuric  acid,  or  from  sulphuric  acid  acting  upon  iron  or 
oiganic  substances.  The  presence  of  sulphurous  acid  is  most 
simply  detected  by  means  of  sulphuretted  hydrogen,  with  which  it 
gives  an  opaque- white  colour;  for  this  reaction,  however,  CI  and 
Fe^Cl^  must  be  absent,  which  is  proved  if  chlorine-water  free  from 
sulphuric  acid  causes  the  same  opaque  colour.  In  the  presence  of 
80s,  stannous  chloride  gives  a  yellowish  precipitate  of  SnS^. 

Sulphuric  acid  is  one  of  the  commonest  impurities  in  crude 
muriatic  acid;  it  is  tested  for  and  estimated  by  barium  chlo- 
ride. It  must  not  be  foi^otten  that  BaS04  is  soluble  in  a  large 
excess  of  HCl,  and  that  therefore  such  an  excess  must  be 
saturated  or  removed  by  concentration.  A  rough  estimation  of 
the  quantity  of  SO4H2  in  crude  muriatic  acid  can  be  made  by 
comparing  the  opacity  caused  by  BaCl^  with  that  caused  in  acids 
containing  a  definite  quantity  of  SO4HS.  For  some  purposes 
muriatic  should  be  entirely  or  almost  entirely  free  from  sulphuric 
acid — ^for  instance,  for  revivifying  the  animal  charcoal  used  in 
sugar-works. 

Chlorine  is  frequently  found  in  hydrochloric  acid,  especially  if  the 
sulphuric  acid  employed  in  the  preparation  of  the  latter  contained 
nitrous  acid.     A  test  for  its  presence  is  a  starch  solution  contain- 
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ing  potassium  iodide,  wliich  is  coloured  blue  by  chlorine;  but  it  is 
necessary  first  to  add  some  pure  HCl  or  SO^H,  to  the  reagent  in 
order  tp  see  whether  it  is  not  coloured  blue  by  acidifying  alone, 
owing  to  the  presence  of  iodate. 

Ferric  chhride  is  tested  for  by  addition  of  ammonium  sulphide 
&c.  j  it  is  usually  estimated  by  precipitation  with  NH3  or  by  titra- 
tion. It  also  clearly  appears  on  evaporation  to  dryness,  along 
with  any  soda,  lime,  and  other  refractory  substances,  carried  over 
mechanically  in  the  manufacture  of  sulphate,  or  contained  in  the 
water  employed  for  condensation.  According  to  Stas,  even  quite 
pure  acid,  which  on  evaporating  in  a  platinum  retort  leaves  no 
residue  whatever,  on  evaporation  in  open  vessels  takes  up  matters 
floating  in  the  air  and  leaves  a  yellow  residue,  frequently  contain- 
ing iron. 

Bromine  and  iodine  may  occur  in  hydrochloric  acid  as  HBr  and 
HI,  owing  to  their  presence  in  the  salt.  They  are  tested  for  by 
adding  very  little  chlorine-water  and  shaking  up  witn  chloroform, 
which  dissolves  all  bromine  and  iodine — ^giving  with  the  former  a 
yellow,  and  with  the  latter  a  purple  colour. 

Arsenic  frequently  occurs  in  hydrochloric  acid  as  ASCI3,  from 
the  arsenic  contained  in  the  sulphuric  acid.     Houzeau  found,  on 
the  average,  0*1  gram  AsCl^  in  a  kilog.  of  commercial  acid;  Filhol 
and  Lacassin  from  102  to  5*007  gram  AsjO,  (=0-8-4-28  As), 
Glenard  2*5  gram  AsjOg,  H.  A.  Smith  6-91  gram  AsjOg  (=5-18As), 
Hjelt  (from  the  same  raw  material  as  Smith)  in  pan-acid  of  36°  Tw. 
0*66,  in  roaster-acid  of  32°  Tw.  0'14  gram  of  arsenic  per  litre. 
Arsenic  is  tested  for  by  Marsh's  apparatus — also  by  blackening  a 
strip  of  copper,  according  to  Eeinsch,  or  by  a  voluminous  brown 
precipitate  with  stannous  chloride   (Bettendorf).     If  sulphurous 
acid  and  arsenic  are  to  be  sought  for  at  the  same  time,  Hilger 
(Wagner's  Jahresb.  1875,  p.  445)  adds  iodine  solution.     If  that  is 
decolorized,  either  SO3  or  AS2O3  is  present ;  more  iodine  solution 
is  then  added  until  an  excess  of  it  is  present ;  the  acid  is  poured 
into  a  test-tube,  a  few  pieces  of  zinc  are  added,  and  the  tube  is 
loosely  closed  by  a  cork  to  which  a  strip  of  paper  moistened  with 
silver-nitrate  solution  is  attached.     If  any  arsenic  was  present, 
AsHg  is  given  off,  and  the  paper  is  blackened ;  if  not,  the  original 
acid  is  again  tested  for  SOg  by  first  precipitating  the  sulphuric  acid 
with  barium  chloride,  then  adding  to  the  filtered  liquid  iodine 
solution  till  the  colour  is  permanent,  whereupon,  if  SOj  was  ori- 
ginally present,  a  new  precipitate  of  BaS04  is  formed. 
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The  estimation  of  hydrochloric  acid  in  the  free  state  is  nearly 
always  done  by  means  of  the  hydrometer.  Twaddle's  hydrometer 
has  the  convenient  property  that  its  degrees  for  the  usual  strengths 
almost  exactly  agree  with  the  percentage  of  HCl,  as  appears  from 
the  table  given  on  p.  176.  Sometimes  free  HCl  is  also  estimated 
alkalimetrically^  in  precisely  the  same  way  as  sulphuric  acid^ 
Vol.  I.  p.  44. 

In  the  combined  state^  as  chlorides^  hydrochloric  acid  is  always 
estimated  by  silver  nitrate.  If  any  free  acid  be  present,  this  can 
only  be  done  gravimetrically  or  by  Gay-Lussac's  method,  i,  e. 
adding  silver  nitrate  from  a  burette  to  the  boiling-hot  liquid  up  to 
the  point  at  which  no  further  precipitate  is  formed.  This  method 
is  somewhat  inconvenient  in  practice,  because  after  every  addition 
of  silver  nitrate  the  liquid  must  be  vigorously  shaken  up  until  the 
AgCl  is  coagulated  and  the  liquid  becomes  sufficiently  clear  for 
recognizing,  when  more  AgNOs  is  added,  whether  any  further 
opacity  is  caused  or  not.  This  test  consequently  takes  some  time, 
and  whenever  possible  is  replaced  by  Mohr's  process,  consisting  in 
the  addition  of  a  little  neutral  potassium  chromate  to  indicate  the 
end  of  the  reaction :  so  long  as  all  the  chlorine  has  not  been  pre- 
cipitated as  AgCl,  the  addition  of  AgNOs.  throws  down  a  white 
precipitate  only ;  but  as  soon  as  all  the  chlorine  has  been  removed 
from  the  solution,  a  further  addition  of  silver  nitrate  throws  down 
a  blood-red  precipitate  of  silver  chromate,  which  is  at  once  visible 
m  the  hitherto  white  precipitate.  This  very  accurate  and  quick 
process  is  only  applicable  in  the  absence  of  any  free  acid ;  but  if 
any  is  present  it  can  generally  be  neutralized  by  sodium  carbonate 
and  the  process  carried  out  as  before;  a  very  slight  excess  of 
Na^COs  ^^^  ^^*  sensibly  interfere  with  the  reaction. 

Volhard^s  plan  for  titrating  silver  solutions  by  means  of  sulpho- 
cyanides  (Liebig^s  Annalen,  cxc.  p.  1)  can  also  be  employed  here. 
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CHAPTER  VII. 

THE    CONDENSATION    OF   THE   HYDROCHLORIC   ACID    PRO- 
DUCED IN  THE  MANUFACTURE  OF  SULPHATE  OF  SODA. 

In  the  infancy  of  snlphate-of -soda-makings  condensation  of  the 
hydrochloric  acid  was  never  attempted ;  and  so  long  as  the  facto- 
ries were  small^  the  neighbours  tolerated  the  inconvenience ;  bat 
when^  for  instance^  this  noxious  gas  escaped  in  large  quantities 
from  Muspratt^s  chimneys  in  Liverpool^  the  municipal  authorities 
compelled  the  stoppage  of  the  works,  which  were  removed  to 
Newton  Heath,  whence  they  were  soon  again  driven  away. 

A  remedy  was  first  sought  in  the  erection  of  enormously  high 
chimneys,  up  to  nearly  500  feet  height,  in  order  to  make  the  acid 
gas  harmless  by  diluting  it  with  other  smoke  and  air ;  but  it  was 
found  that  the  gas  descended  to  the  ground  in  compact  clouds, 
and  laid  waste  the  vegetation  for  greater  distances.  The  first 
attempts  in  another  direction,  viz.  condensation  to  muriatic  acid, 
were  made  in  1827  at  Walker-on-Tyne ;  and  in  1835  Losh  built 
there  long  underground  flues,  into  which  water  was  injected  by  a 
force-pump  j  large  wooden  chambers  with  water-injection  were 
also  tried.  Further,  stone  towers  packed  with  broken  glass  or 
pebbles  were  tried,  but  not  successfully.  The  first  decided  success 
was  attained  by  Gossage,  who,  in  1836,  patented  the  coke  conden- 
sers now  in  general  use.  Strange  to  say,  in  England  condensation 
in  Woulfe^s  bottles  (receivers),  employed  to  this  day  in  Prance, 
even  by  large  works,  seems  scarcely  to  have  been  tried  at  aU. 

The  firequently-quoted  investigations  of  the  Belgian  Commission 
of  1855  have  demonstrated  beyond  a  doubt  that  dilution  of  the 
hydrochloric  acid  vapours  with  much  smoke  or,  in  the  case  of  high 
chimneys,  with  much  airj  is  not  sufficient  to  prevent  their  noxious 
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effect  npon  vegetation  *.  The  second  part  of  their  Report  (made 
on  February  26th^  1866^  and  found  in  an  abridged  translation  in 
'Dingler's  Journal/  cxlv.  pp.  875,  427)  is  entirely  occupied  with 
tliis  matter,  and  treats  of  the  influence  of  wind,  of  the  hygrome- 
trical  aud  barometrical  state  of  the  air,  of  the  temperature,  topo- 
graphical situation,  configuration  of  soil,  distance  from  the  source 
of  the  gas,  and  so  forth.  The  effect  of  the  gas  upon  trees  and 
hedges,  especially  upon .  their  leaves,  was  investigated  with  great 
care.  It  was  found  that  trees  are  attacked  very  unequally;  and 
the  following  series  was  established,  whose  first  term,  the  horn- 
beam, is  most  sensitive,  and  whose  last  term,  the  alder,  is  least 
sensitive  to  the  gas : — 

Hornbeam,  Italian  poplar. 

Hazel,  Aspen, 

Stone-oak,  Thuya, 

Beach,  Vine, 

Birch,  Plum-tree, 

White  maple.  Apple-tree, 

Field-maple,  Pear-tree, 

Hawthorn,  Cherry-tree, 

Spindle-tree    {Evonymus  Bed-currant-bush, 

europaus),  Rose-tree, 

Ehn,  Lilac, 

Linden,  Elder, 

Blackthorn  (Sloe),  Raspberry-bush, 

Larch,  Spear- tree  {Spiraa  ulmaria) . 

Bramble,  Hop, 

Ash,  Alder, 

White  poplar.  Grey  alder. 

With  all  these  trees,  in  the  order  just  named,  first  spots  appear  on 
the  leaves  ;  and  then  the  leaves  die  off  altogether.  But  as  the 
bnds  are  better  protected,  mostly  the  next  yearns  leaves  come  out. 
Eyen  the  buds,  however,  gradually  suffer ;  and  ultimately,  after 
long  exposure  to  the  gases,  the  whole  tree  dies  off. 

Herbaceous  plants  suffer  much  less  than  trees  and  shrubs. 
Here  also  spots  on  the  leaves  are  frequently  found — ^for  instance, 

*  Compare  what  has  been  stated  in  VoL  I.  p.  109,  concerning  the  effect  oi 
metallurgical  smoke,  principally  containing  SO^,  upon  vegetation. 
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on  potatoes,  beans,  clover,  lucerne,  cabbage,  turnips,  &c. ;  but  the 
plants  themselves  seem  to  suffer  only  partially,  and  root-crops 
least  of  all.  It  is  often  asserted  that  cattle  do  not  like  grass  which 
has  been  exposed  to  acid  vapours.  In  one  instance  only  did  the 
Belgian  Commission  prove  that  com  was  injuriously  affected  by 
the  acid  vapours ;  and  that  was  in  a  field  directly  adjoining  the 
works ;  whilst  it  declared  that  no  case  of  damage  at  distances  of 
150  yards  and  upwards  could  be  established.  But  the  possibility 
still  remains  that,  even  without  any  spots  on  the  leaves,  a  deficient 
crop  of  com  may  be  the  consequence;  and  it  is  notorious  in 
England  that,  if  just  at  the  blossoming-period  of  corn  acid  vapours 
from  alkali-works  range  over  a  field,  a  large  nmnber  of  empty  ears 
are  afterwards  met  with. 

The  radius  within  which  the  noxious  effects  of  acid  vapours  are 
exhibited  differs  very  much,  according  to  the  nature  of  the  plants, 
the  situation  of  the  works,  the  more  or  less  perfect  condensation 
in  the  same,  &c. ;  but  it  is  estimated  by  the  Belgian  Commission  at 
a  minimum  of  600  metres  (=656  yards)  and  a  maximum  of  2000 
metres  (=2187  yards). 

From  the  official  inquiries  of  the  Commission  as  to  the  births 
and  deaths  in  the  villages  within  the  above  radius  it  appears  to  be 
beyond  a  doubt  that  human  health  does  not  suffer  any  damage  under 
the  influence  of  the  dilute  acid  gases ;  those  districts  even  appear 
to  suffer  less  from  typhoid  fever  than  others  similarly  situated. 

According  to  experiments  made  by  Christel  (Wagner's  Jahresb. 
1874,  p.  277),  the  noxious  influence  of  the  hydrochloric  acid 
vapours,  escaping  from  an  alkali-works  despite  the  most  ingenious 
condensing-apparatus  [?],  upon  trees,  com,  flax,  beans,  peas,  and 
potatoes  could  be  proved— on  hawthorn  and  wild  vine  up  to  a  dis- 
tance of  1000  metres  (1093  yards).  According  to  direct  experi- 
ments, the  vital  functions  of  the  individual  organs  of  plants  were 
disturbed  when  the  air  contained  0*1  per  cent.  HCl.  The  action 
attributed  by  him  to  hydrochloric  acid  is  an  alteration  of  chloro- 
phyll, followed  by  decomposition  of  the  other  contents  and  of  the 
walls  of  the  cells. 

Sonnenschein  (Dingl.  Journ.  cc.  p.  836),  at  Eopnik,  found  a 
decidedly  injurious  effect  produced  upon  the  surrounding  vegeta- 
tion in  the  neighbourhood  of  the  alkali- works,  in  spite  of  good 
condensing-apparatus  [without,  however,  proving  the  efficiency  of 
that  apparatus  or  comparing  it  with  that  of  other  works]. 
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It  is  undeniable  that  alkali-works  are  frequently  blamed  on 
account  of  their  acid  vapours  more  than  they  deserve^  and  are 
held  liable  for  consequences  inseparable  from  any  coal-consuming 
mdustry.  The  desideratum  of  a  "  complete  combustion  of  smoke," 
upon  which  the  public  and  the  authorities  lay  so  much  stress,  will 
certainly  not  remedy  this  matter;  for  the  sulphurous  acid  from 
the  coals,  with  its  noxious  effect,  is  certainly  not  got  rid  of  by 
complete  combustion  of  the  visible  soot-particles  accompanying  it. 
The  sulphurous  add  originally  diffused  in  the  atmosphere  is  there 
quickly  oxidized  to  sulphuric  acid.  Dr.  Angus  Smith  toimi  that 
in  London  a  million  of  cubic  metres  of  air  contain  1670  grams 
SO3;  in  Manchester,  where,  besides  the  domestic  fires,  the  number 
of  industrial  fires  is  comparatively  larger  than  anywhere  else  in 
England,  the  quantity  of  sulphuric  acid  rises  to  2518  grains  SO3 
(in  smaller  places  where  sulphuric  add  is  made,  even  to  2668  grams 
SO3)  in  a  miUion  cubic  metres  of  air,  whilst  the  same  quantity  of 
air  in  places  where  no  coals  are  burnt  contained  only  474  grams 
SO3,  probably  proceeding  from  the  oxidation  of  sulphuretted 
hydrogen  given  off  in  the  putrefaction  of  organic  substances. 

A  very  full  and  the  latest  investigation  of  these  subjects  has  been 
made  by  Hasenclever  ('  Chemische  Industrie,'  1879,  pp  .225  &  275) . 
The  notoriously  injurious  effect  of  the  acids  contained  in  the 
air  is  probably  much  less  owing  to  the  gases  diffused  in  the  air 
than  to  the  acids  precipitated  in  rain  and  dew,  in  which  they  are 
of  coarse  more  concentrated.  In  dry,  fine  weather  the  effect  of 
the  add  vapours  is  hardly  felt,  the  plants  do  not  seem  to  take  it 
np ;  but  in  foggy  and  rainy  weather  a  much  smaller  escape  of  add 
vapours  often  does  much  damage,  as  the  author  knows  from  fre- 
quent experience.  If  (according  to  Dr.  A.  Smith)  rain  contains 
10  parts  of  acid  in  a  million  parts,  as  is  the  case  in  Manchester, 
vegetation  altogether  ceases. 

Although,  however,  even  the  contamination  of  air  with  sulphuric 
add,  inevitable  with  the  consumption  of  l£U*ge  quantities  of  coal, 
is  bad  enough  for  the  vegetation,  and  although  the  damage  result- 
ing therefrom  is  frequently  attributed  unjustly  to  the  neighbour- 
ing alkali-works  alone,  the  fact  remains  that  the  hydrochloric  acid 
vapours  escaping  from  the  latter  are  much  worse  than  the  sulphu- 
rous acid  from  ordinary  fires ;  but  where  large  quantities  of  SO^ 
are  evolved,  which  soon  passes  over  into  sulphuric  acid  (as  by  coke- 
ovens,  copper-works,  zinc-works,  &c.),  there  matters  are  much 
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worse  again  than  near  alkali-works.  Even  in  dry  air  hydrochloric 
acid  seems  to  be  diffused  much  less  easily  and  to  remain  longer  in 
the  state  of  continuous  clouds  than  SO^  or  SO4H9 ;  and  in  damp 
air  hydrochloric  acid  escaping  forms  thick  clouds^  or^  in  the  case 
of  chimneys^  long  streams^  which  are  only  very  slowly  dispersed 
where  they  touch,  and  there  exert  a  so  much  the  more  concen- 
trated injurious  action. 

Accordingly  we  need  not  be  surprised  that  the  attempts  which 
were  made  in  the  infancy  of  alkali-works  to  get  rid  of  the  then 
valueless  hydrocUoric  acid  by  means  of  high  chimneys  had  speedily 
to  be  relinquished^.  In  the  first  instance  attempts  were  made 
to  carry  away  the  gaseous  current  underground — ^for  instance,  by 
James  Young,  Vivian,  Losh  (as  above  mentioned),  &c. — ^and  to 
wash  the  acid  out  by  injected  water.  These  flues  did  very  little 
good,  because  it  is  a  difficult  task  to  keep  a  horizontal  current  of 
gas  damp  throughout  its  whole  length;  moreover  the  water 
quickly  falls  through  the  gas,  and  has  no  time  to  act  upon  it  bx 
the  desired  way. 

The  next  step  was  taken  at  Liverpool  by  Hill  and  Lutwyche^ 
viz.  erecting  very  large  underground  tanks  to  absorb  the  acid  vapour 
by  surface  contact ;  but  in  order  to  do  this  perfectly  a  very  large 
surface  is  needed,  and  only  weak  acid  is  obtained.  This  process 
is  accordingly  quite  out  of  date  as  a  sole  means  of  condensation  ; 
but  the  combination  of  smaller  tanks  with  proper  coke-towers  has 
turned  out  very  suitable,  as  we  shall  see  later  on. 

The  only  really  sufficient  appliances  for  condensing  hydrochloric 
acid  are  the  series  of  Woulfe^s  bottles  (receivers — in  French 
*'  bombonnes  '*  or  "  touries^'),  mostly  employed  on  the  continent^ 
and,  still  more  efficient,  the  coke-towers  invented  by  Grossage  in 
1836.  Of  late  years,  frequently,  tanks,  receivers,  and  coke-towers 
have  been  combined  so  as  to  form  a  set.  Already  in  1846,  Gros- 
sage's  coke-towers  were  universally  employed  in  English  works  ; 
but,  as  generally  constructed,  they  were  very  inefficient ;  and  in 
consequence  of  their  unsuitable  construction  and  that  of  the  de- 

*  A  very  practical  (I)  proposal  was  patented  to  a  Mr.  Edward  Ford  on  March  8, 
1839,  which  the  author  has  not  found  mentioned  anywhere,  but  which  should 
not  he  concealed  from  a  grateful  posterity.  The  furnaces  &c.  were  to  be  suffi- 
ciently far  removed  from  the  mainland  not  to  injure  vegetation ;  and  a  ship  or 
flotiUa,  partly  lined  with  lead,  was  to  be  moored  on  the  high  seas,  and  the  woika 
erected  upon  it.    For  this  patent  the  full  tax  was  paid ! 
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composing-paDs,  fumaees^  and  conducting-pipes^  there  were  still 
enormous  quantities  of  uncondensed  acid  vapours  sent  into  the  air. 
Before  1862^  according  to  an  estimate  of  Fletcher's,  ten  factories 
in  Lancashire  alone  poured  forth  weekly  255  tons  of  dry  HCl,  and 
all  the  English  factories  together  at  least  1000  tons,  or  upwards  of 
800,000  cubic  metres.  According  to  Dr.  A.  Smith,  the  usual  loss 
of  HCl  in  sulphate-making  was  then  16  per  cent,  on  the  average, 
but  40  per  cent,  in  some  cases.  In  Belgium  the  Commission  of 
1855,  as  can  be  calculated  from  their  Report  (p.  57  et  seq,)  found 
even  greater  losses,  viz.  in  the  four  factories  examined,  43*2,  28*3, 
56*9,  and  44-4  per  cent,  of  the  HCl  yielded  by  the  salt.  In  Prance 
Preycinet  calculated,  in  1866  ('  Rapport  du  Jury  International/ 
1867,  vii.  p.  42),  that  at  that  time  one  half  of  all  the  hydrochloric 
add  generated  went  into  the  air. 

It  is  no  matter  of  surprise  that,  under  these  circumstances,  the 
complaints  about  nuisance  were  quite  as  great  as  at  the  time  when 
no  hydrochloric  acid  at  all  was  condensed ;  for  in  the  meanwhile 
alkali-works  had  increased  to  such  an  extent  that  the  absolute 
quantity  of  hydrochloric  acid  escaping  uncondensed  amounted  to 
mnch  more  than  that  which  escaped  in  the  former  period,  when  no 
condensation  at  all  was  attempted.  The  destruction  of  the  vege- 
tation round  the  alkali-works  was  only  too  evident,  without  any 
Commissions  of  inquiry,  although  it  is  a  matter  of  fact  that,  on  the 
whole,  the  value  of  land  round  the  works  had  increased  (12th  and 
13th  Reports,  p.  15).  It  was  impossible  to  ignore  the  nuisance 
caused  by  the  smell,  and  the  worse  one  that  iron  objects  of  all 
kinds,  locks,  window-fittings,  gutters,  &c.  could  not  be  kept  from 
rusting,  that  the  tools  of  mechanics  were  at  once  blunted,  and 
that  even  window-curtains  were  destroyed  in  a  very  short  time. 
The  public,  thus  afflicted,  can  hardly  be  blamed  if  they  raised  the 
reproach,  unjustified  as  it  was,  that  the  alkali- works  poisoned  the 
air  of  the  neighbourhood  and  caused  diseases ;  and  although  exact 
investigations  have,  on  the  whole,  disproved  the  accusation  (see 
the  author's  paper  in  the  '  Transactions  of  the  Newcastle  Chemical 
Society'  for  1874),  no  doubt  many  individual  cases  have  occurred 
where  already  existing  affections  of  the  respiratory  oi^ans  and  the 
like  have  been  aggravated  by  breathing  the  acid  vapours  of  neigh- 
bouring alkaU- works,  where  sufficient  care  had  not  been  taken  to 
condense  all  the  noxious  vapours. 

The  most  potent  incentive  to  preventing  any  waste  of  products  in 
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factories  seems  always  to  be  the  fact  that  it  entails  pecuniary  loss. 
But  experience  has  proved  in  innumerable  cases  that  it  does  not 
suffice  for  preventing  such  waste :  the  convenience  of  many  manu- 
facturers, on  the  one  hand,  and  their  employes'  insufficient  know- 
ledge, on  the  other  hand,  have  been  more  than  sufficient  to 
counterbalance  it.  Even  the  intervention  of  the  courts  of  law,  the 
claims  for  damages,  and  other  unpleasantnesses  of  all  kinds,  could 
only  in  isolated  cases  prevail  to  bring  about  a  thorough  cure. 
The  worst  was  that,  as  a  rule,  in  this  case  a  pecuniary  motive  for 
preventing  the  escape  of  hydrochloric  acid  did  not  exist ;  fifteen  or 
twenty  years  ago  only  a  small  portion  of  the  hydrochloric  acid 
generated  in  alkali-making  could  really  be  brought  into  the  trade  as 
such,  or  used  up  in  the  factories  themselves  for  making  bleaching- 
powder^  chlorate  of  potash,  and  bicarbonate ;  of  the  remainder,  all 
that  did  not  go  into  the  air  had,  after  condensation,  to  be  run 
into  the  nearest  water-course,  where  it  killed  all  the  fish  and  gave 
rise  to  fresh  complaints. 

It  was  therefore  inevitable  that  in  the  end  legislation  should  in- 
tervene. In  Belgium  this  was  done  in  a  seemingly  thorough  and 
scientific,  but  in  fact  in  an  unsuitable  way.  Open  roasters  for 
calcining  sulphate  were  prohibited,  and  muffie-fumaces  were  made 
compulsory,  but  without  at  all  stopping  the  nuisance,  just  because 
blind  roasters  themselves,  as  we  saw  in  Chapter  IV.,  are  any  thing 
but  trustworthy.  Chandelon  found  in  1871,  when  inquiring  into 
this  matter,  that  the  four  factories,  which  he  and  his  colleagues 
had  visited  in  1855,  condensed  the  following  quantities  of  HCl^ 
calculated  upon  100  kUog.  salt : — 

In  1870.  In  1855.  More  in  1870. 

1 174-7  108-8  63-9 

II 146-57  74-50  7207 

III 117-0  58-7  58-3 

IV 113-0  74-5  38-5 

But  since  in  1870  more  than  twice  as  much  salt  was  decomposed 
as  in  1855,  the  absolute  losses  were  still  very  great. 

In  England  legislation  has  proceeded  in  another,  and,  it  would 
appear,  in  a  more  successful  way.  The  law  of  1863  (usually  called 
Lord  Derby's  Alkali  Act)  does  not  prescribe  to  the  manufacturers 
any  thing  about  the  apparatus  which  they  have  to  use ;  but  it 
makes  it  incmnbent  upon  them  to  allow  at  most  5  per  cent,  of 
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the  whole  hydrochloric  acid  given  off  to  escape  into  the  atmo- 
sphere; and  it  established  a  compulsory  registration  and  periodical 
inspection  of  all  factories  manufacturing  sulphate.  The  generation 
of  hydrochloric  acid  in  the  wet  copper-extracting  process^  little 
known  at  that  time,  was  passed  over.  An  additional  Act  of  1874 
now  includes  the  latter^  and  moreover  prescribes  that  in  a  cubic 
foot  of  the  gas  escaping  from  the  factory  into  the  atmosphere  no 
more  than  0*2  grain  of  HCl  may  be  present ;  this  equals  0*454  gram 
HCl  per  cubic  metre^  or  about  three  ten-millionths  by  volume 
(comp.  next  page). 

After  three  years'  working.  Lord  Derby's  Act  already  showed 
that  a  practically  complete  condensation  of  all  the  HCl  escaping  in 
the  manufacture  of  sulphate  was  not  merely  possible,  but  even  easy. 
Whilst  Dr.  Angus  Smith  calculates  that  immediately  before  pass- 
ing the  Act  about  one  third  of  the  HCl  generated  went  into  the  air, 
at  the  end  of  the  first  year  the  actual  condensation  was,  on  the 
average,  98'72,  the  loss  only  1*28  per  cent.  In  the  second  year 
the  average  condensation  was  99' 11,  the  loss  0*88;  in  the  third 
year  the  condensation  was  99*27,  the  loss  0*73. 

Dr.  Smith  himself  points  out  that,  apart  from  the  inevitable  in- 
accuracies of  the  testing-processes,  a  certain  amount  of  HCl  always 
escapes  without  being  accounted  for,  and  that  consequently  the 
above  figures  cannot  lay  claim  to  absolute  accuracy.  The  English 
inspectors  proceed  thus : — They  aspirate  a  certain  volume  of  air 
from  the  pipe  or  flue  through  which  the  acid  vapours  escape  from 
the  furnace,  and  estimate  the  amount  of  chlorine  contained  in  it. 
A  similar  quantity  is  aspirated  from  the  pipe  leading  firom  the  con- 
densers into  the  atmosphere  or  towards  the  chimney ;  and  by  esti- 
mating the  chlorine  it  is  found  whether  any,  and  how  much,  HCl 
has  escaped  condensation.  Thus,  necessarily,  all  the  HCl  which  is 
given  off  by  the  finished  sulphate  as  it  is  drawn  out  of  the  furnace 
is  neglected.  Dr.  Smith  estimates  the  loss  from  this  source  as  never 
exceeding  1  per  cent.  It  might  be  entirely  prevented  by  drawing 
the  salt  into  arched  caves  communicatiDg  with  the  condenser,  and 
allowing  it  to  cool  there.  That  this  is  not  done  in  the  English 
alkali-works,  and  why,  we  have  seen  on  p.  1 24.  Even  without  these 
caves  the  escape  of  vapours  from  fresh  sulphate  can  be  almost  en- 
tirely prevented  by  the  little  artifice  already  mentioned,  covering 
the  red-hot  sulphate  immediately  with  a  few  spadefuls  of  cold  sul- 
phate.    If,  as  is  usually  the  case,  more  sulphuric  acid  has  been 


190  SULPHATE  OF  SODA  AND  HTDEOCHLOEIC  ACID. 

employed  than  is  absolutely  required^  the  yapoxurs  escaping  consist 
mostly  of  sulphuric  acid^  and^  properly  speakings  do  not  come 
under  the  Act.  Another  source  of  loss  of  hydrochloric  acid  axe 
the  leaks  in  blind  roasters^  by  which  a  little  acid  is  drawn  into  the 
chimney  instead  of  through  the  condenser ;  nay^  a  case  is  said  to 
have  happened  in  which  a  special  flue  was  built  purposely  for  taking 
away  a  portion  of  the  gas  straight  to  the  chimney.  Apart  from  its 
legal  and  moral  criminality^  such  a  proceeding  would^  in  most 
places^  appear  to  be  even  economically  absurd ;  but  in  special  local 
circumstances  it  still  happens  that  the  condensed  acid  must  be  run 
to  waste^  partly  or  entirely^  and  that  condensation  is  thus  a  burden 
instead  of  an  advantage.  Since  the  Act  of  1874  prescribes  testings 
of  the  chimney-gases  themselves^  such  cases  would  be  detected  very 
soon^  and  can  scarcely  happen  now. 

So  much  is  certain^  that  even  those  alkali-works  which  figure  in 
the  reports  as  ''completely  condensing^'  are  still  distinctly  per- 
ceptible to  the  sense  of  smell.  It  is  certainly  sometimes  difficult 
to  decide  how  much  of  the  ''  alkali-smell/'  as  the  people  call  it,  is 
owing  to  HCl,  and  how  much  to  SO3,  CI,  and  H^S.  (These  matters 
have  been  very  fully  investigated  by  the  Noxious-Vapours  Commis- 
sion, 1876-78,  whose  report  is  briefly  summarized  in  the  '  Chemical 
News,  vol.  xxxviii.  p.  181 ;  it  cannot  be  said  that  any  thing  essen- 
tially new  is  contained  in  it.) 

An  addition  was  made  to  the  Alkali  Act  in  1874,  when,  apart 
from  including  within  its  operation  a  number  of  works  previously 
excluded,  the  escape  of  noxious  vapours  generally  was  prescribed 
to  be  kept  within  the  narrowest  possible  limits,  and  that  of  hydro- 
chloric acid  especially  was  limited  to  0*2  grain  per  cubic  foot  of  the 
chimney-gases — ^thus  establishing  an  altogether  new  requirement^ 
which  was  at  flrst  declared  by  many  manufacturers  to  be  impossible 
of  fulfilment.  But  it  appears,  from  the  12th  and  13th  Reports  by 
the  Inspector  (p.  8),  that  the  actual  escape  in  1876  only  averaged 
0*12, 0*105, 0*141,  and  0*123  grain  per  cubic  foot  in  the  four  districts 
into  which  the  Kingdom  is  divided  for  the  purposes  of  the  Act. 

The  enormous  progress  in  condensation  realized  by  the  English 
alkali- works  in  the  first  year  of  the  Alkali  Act  proves  how  easily 
that  object  is  attained  if  the  principle  of  condensation  is  clearly 
understood.  This  can  be  reduced  to  three  conditions — sufficient 
water,  large  surface  for  contact,  and  well  cooling.  The  condensing- 
apparatus  ought  to  be  constructed  in  such  a  way  that  the  gas  will 
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not  require  more  water  for  complete  condensation  than  is  sufficient 
for  yielding  strong  acid ;  and  this  is  attained  partly  by  large  sur- 
faces (coke)^  partly  by  air-cooling.  The  importance  of  this  last  con- 
dition especially  has  been  more  and  more  recognized ;  Dr.  Smith 
calls  the  cooling  of  the  gas  previous  to  entering  the  condensers 
'^  the  key  of  every  good  condensation.^'  Some  works  in  Germany 
and  France  even  employ  an  outer  cooling  of  the  condensing-appa- 
ratns  by  means  of  cold  water ;  this  is  not  practised  in  England^  and 
seems  unnecessary. 

Whilst  not  merely  the  weighty  authority  of  Angus  Smithy  but  the 
uniform  experience  of  all  practical  men  hitherto  has  advocated  the 
utmost  possible  cooUng  of  the  acid  gas  before  exposing  it  to  the  con- 
densing action  of  the  water^  Schloesing  (patent  of  Feb.  13^  1878, 
No.  613)  believes  he  has  found  in  precisely  the  opposite  quarter  the 
proper  way  to  condense.  According  to  him  the  cooling  deprives  the 
gas  of  its  tension,  so  that  it  is  brought  into  contact  with  the 
absorbing  medium  (water)  merely  by  mechanical  means,  requi- 
ring a  long  path  for  complete  action;  but  if  a  certain  tension 
is  kept  up,  the  absorption  itself  maintaius  a  continuous  current  of 
the  volatile  body  towards  the  absorbing  surface.  Schloesing  there- 
fore allows  the  gas  to  retain  a  temperature  much  above  100^  before 
entering  the  condensers,  and  regulates  the  feed  of  water  so  that  it 
remains  just  liquid,  while  the  temperature  of  the  tower  is  100^. 
Eyen  at  nearly  100^  he  expects  the  water  to  absorb  sufficient  hy- 
drochloric acid  for  the  stable  hydrate,  boiling  at  108^  C,  of  18*5  per 
cent.  HCl,  to  be  formed.  The  towers  may  be  10  or  20  times 
smaller  than  at  present  without  a  trace  of  hydrochloric  acid  escaping. 

This  reasoning  appears  to  be  utterly  fallacious.  It  is  incompre- 
hensible how  Schloesing  could  forget : — first,  that,  real  hydrochloric 
acid  being  a  gas  at  the  ordinary  temperature  and  far  below,  it  is 
quite  unnecessary  to  impart  any  '^  tension  "  to  it  for  the  purpose  of 
bringing  it  into  enlarged  contact  with  the  absorbing  medium; 
secondly,  that  there  is  a  vast  difference  between  liquid  acid  retaining 
18*5  per  cent.  HCl  at  108^,  and  water  absorbitig  that  quantity  at 
nearly  the  same  temperature,  seeing  that  the  absorption  causes  a 
considerable  rise  of  temperature ;  thirdly,  that  acid  of  18*5  per 
cent.  HCl  is  too  weak  for  most  purposes.  The  assertion  that  with 
Schloesing's  system  ^  or  -3^  of  the  present  absorbing-space  is  suf- 
ficient for  complete  condensation  of  the  hydrochloric  acid,  seems 
to  rest  on  mere  hypothesis.     As  his  plan  is  going  to  be  put  to  a 
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trial  at  a  factory  in  the  north  of  France^  it  will  soon  be  known 
what  there  is  in  it, 

Schloesing  appties  the  same  principle  to  the  condensation  of 
sulphtiaric  acid  contained  in  gases ;  but  as  this  acid  does  not  possess 
any  considerable  tension  below  160°  C.^  he  recommends  passing 
the  gases  through  a  tower  filled  with  lumps  of  conmion  salt  and 
kept  at  300^  or  400°  C.  At  the  bottom  melted  sulphate  flows  oat^ 
whilst  hydraulic  acid  escapes  and  is  condensed  in  an  apparatus 
similar  to  the  above-described  condensers. — ^The  utter  imprac- 
ticability of  this  plan  is  self-evident  to  anybody  who  has  ever  seen 
or  heard  of  the  difficulties  caused  in  Hargreaves^s  process  by  any 
fluxing  of  the  salts. 

Nitric  acid  and  ammonium  carbonate  (in  the  manufacture  of  soda 
by  the  ammonia  process)  are^  according  to  Schloesing^  to  be  dealt 
with  in  the  same  manner. 

The  condensing-apparatus  ought  to  be,  if  possible,  simple  and 
not  very  liable  to  get  out  of  repair.  Receivers  (the  number  of 
which  in  a  large  factory  would  amount  to  many  hundreds,  as  it 
actually  does  in  France  and  Germany)  are  employed  in  very  few 
of  the  English  works.  Bombonnes  by  themselves,  without  coke- 
towers,  can  hardly  effect  complete  condensation.  The  advantage 
offered  by  them,  viz.  the  production  of  pure  and  strong  acid,  and 
good  cooling  by  air,  can  be  secured  by  simpler  and  more  lasting 
apparatus,  viz.  stone  cisterns.  The  best  plan  for  combining  com- 
plete condensation  with  the  production  of  the  strongest  acid  seems 
to  be  a  combination  of  bombonnes  and  coke  towers. 

It  cannot  be  denied  that  some  factories  attain  good  condensation 
even  with  the  neglect  of  some  very  commendable  precautions.  The 
author  knows  a  number  of  factories  where  the  gas  is  carried  direct 
into  the  condensers  by  undergrouDd  flues,  without  any  cisterns^ 
and  yet  nearly  or  quite  perfect  condensation  is  obtained.  But 
then  their  towers  must  be  wider  and  higher  than  would  otherwise 
be  required.  This  would  not  matter  so  very  much,  if  it  did  not 
follow  that  the  acid  is  less  concentrated  and  more  dilute,  and  can 
very  rarely  be  utilized  to  the  full  extent. 

The  task  of  condensing  the  hydrochloric  acid  is  different,  accord- 
ing to  whether  the  whole  or  most  of  the  acid  is  to  be  brought  to 
saleable  strength,  or  only  sufficiently  concentrated  for  own  use,  or 
merely  to  prevent  the  escape  of  any  HCl  into  the  air,  without  any 
regard  to  the  strength  of  the  condensed  acid,  as  the  latter  is  anyhow 
partly  or  entirely  run  to  waste.    The  latter  case,  although  rare,  still 


CONDENSATION  OF  HYDROCHLORIC  ACID.  193 

happens ;  the  first  case  is  still  exceptional  in  England^  but  pretty 
frequent  on  the  Continent;  the  second  case^  where  the  condensed 
muriatic  acid  is  almost  or  quite  all  used  up  at  the  works^  is  the  most 
frequent  one  in  the  large  centres  of  alkali-making.  The  condens- 
ing-appliances  must  necessarily  be  chosen  differently,  according  to 
whether  one  or  the  other  of  the  above  cases  has  to  be  provided  for ; 
and  this  difference  must  already  begin  with  the  choice  of  the 
apparatus  for  decomposing  the  sulphate  itself. 

11  the  task  is  that  of  bryiging  aU  condensed  acid  to  32^  or  36**  Tw., 
none  but  blind  roasters  can  be  employed,  and,  in  condensing,  either 
stoneware  receivers  or  cisterns  must  be  added  to  the  towers,  so  that 
not  only  the  pan-acid,  but  also  the  roaster-acid  can  be  made  strong 
enough.  If  one  third  of  the  acid  corresponding  to  the  yield  of  the 
roaster  can  be  used  up  at  the  works,  open  roasters  may  be  employed, 
if  fired  with  coke ;  with  proper  appliances  they  furnish  acid  of  22^ 
to  26°  Tw.,  which  is  quite  suitable  for  chlorine-making.  If  the 
roaster-acid  is  not  wanted  at  all,  or  only  in  the  state  of  weak  acid 
(for  instance,  for  bicarbonate),  the  open  roasters  may  even  be  fired 
with  coals ;  but  then  the  condensers  must  be  packed  with  bricks 
and  very  loosely,  so  as  not  to  be  stopped  up  by  soot,  and  the  con- 
densed acid  will  only  show  from  3°  to  6°  Tw.  The  condensation 
of  the  two  thirds  of  acid  escaping  from  the  pan  will  of  course  take 
place  exactly  as  in  the  first  case.  It  happens  only  exceptionally 
that  even  the  pan-acid  cannot  be  utilized  and  must  be  run  to  waste ; 
and  in  this  case  the  furnace  shown  in  figs.  35  and  36  on  p.  72  can 
be  employed. 

With  open  driers,  separate  condensing*apparatus  must  always, 
except  in  the  case  just  mentioned,  be  provided  for  the  pan  and  the 
furnace :  from  the  first  equally  strong  acid  is  obtained  as  by  any 
other  process ;  from  the  second,  even  by  firing  with  coke,  rarely 
any  thing  above  22°  to  24°  Tw.,  frequently  less  than  that ;  and 
whilst  the  pan  condensers  may  be  in  direct  communication  with 
the  air,  of  course  the  roaster  condenser,  through  which  all  the  fire- 
gases  pass  as  well,  must  be  connected  with  a  chimney. 

In  the  case  of  blind  roasters  it  is  an  open  question  whether  to 
employ  special  pipes,  condensers,  &c.  for  pan  and  roaster,  or  not. 
Frequently  both  currents  of  gas  are  united  and  sent  into  the  same 
tower.  This,  however,  does  not  seem  to  be  the  best  plan.  The 
pan-gas  is  much  more  concentrated  than  the  muffie-gas,  since 
during  the  turning  over  of  the  charge  a  good  deal  of  air  is  carried 
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through  the  open  working-doors  into  the  muffle ;  and  in  any  case  the 
latter  gives  off  much  less  gas  in  the  same  time  and  for  the  same 
cubical  space  than  the  pan.  Moreover  the  pan-gas  is  much  cooler 
and  more  easily  condensed.  From  both  causes  the  pan*gas  is  more 
easily  dealt  with  than  the  roaste)r-gas^  and  it  does  not  seem  rational 
to  mix  them^  instead  of  erecting  special  condensing-apparatus  for 
each : — simple  fireclay  or  glass  pipes  and  tightly  packed  condensers^ 
open  at  the  top,  for  the  pans ;  and^  on  the  other  hand^  longer  and 
wider  cooling-flues,  partly  of  metal,  partly  of  stone  or  fireclay  pipes 
(preferable  to  brick  flues),  along  with  more  widely  packed  con- 
densers, connected  with  the  chimney,  for  the  roasters.  The  latter 
is  recommended  because  the  roaster  requires  a  stronger  draught  to 
prevent  the  gas  &om  blowing  out  of  the  working-doors.  In  case 
of  need  the  same  coke  condenser  can  be  used  for  both  gases,  after 
the  roaster-gas  has  been  cooled  down  to  the  temperature  of  the 
pan-gas;  but  even  then  one  advantage  is  sacrificed  which  the 
separation  of  the  gases  affords  and  which  in  some  cases  is  very 
valuable,  viz.  collecting  the  purer  pan-gas,  nearly  free  from  sul- 
phuric acid,  separately  from  the  much  less  pure  roaster-gas.  We 
will  cite  some  special  instances. 

At  St.  Bollox  the  arrangement  is  stated,  by  E.  Kopp,  as  follows 
(the  new  works  of  Messrs.  Tennant  at  Hebburn-on-Tyne  possesses 
open  roasters  and  consequently  a  totally  different  condensing- 
plant) : — viz.  the  pan-gas  travels  through  a  stoneware  pipe  15 
inches  wide,  first  17  feet  upwards  and  then,  descending  gradually 
to  the  condenser,  a  length  of  125  feet.  The  gas  of  the  roaster 
(the  furnace  is  15  feet  wide  and  30  feet  long  outside)  travels 
through  a  pipe  of  12  inches  (?)  diameter  the  same  way  as  the  pan- 
gas,  and  into  the  same  condenser ;  but  the  two  gases  are  mixed 
only  inside  the  latter.  Each  condenser  is  6  feet  square  by  46  feet 
high,  apart  from  a  foundation  of  6  feet  and  the  house  for  water- 
cisterns  &c. 

At  Messrs.  Chance's,  at  Oldbury,  the  gases  likewise  mix  in  the 
condensers,  of  which  there  are  always  two  combined,  so  that  the 
gases  ascend  one  and  descend  the  other  (this  is  not  a  good  arrange- 
ment) and  at  last  pass  through  a  small  chamber,  which  can  be 
entered  by  a  man  in  order  to  satisfy  himself  of  the  progress  of 
condensation.  Each  tower  is  3  feet  3  inches  square,  and  has  a 
working  height  of  36  feet.  Both  those  plants  (which  may  have 
been  altered  since)  would  now-a-days  be  called  partly  obsolete. 
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It  seems  more  rational^  if  several  decomposing-furnaces   are 
present,  to  restrict  the  number  of  condensing-towers  by  conducting 
the  gas  of  two  or  even  more  pans  into  one,  and  that  of  the  corre- 
sponding roasters  into  another.     Of  course  the  condensers  must  be 
made  larger,  in  proportion  to  the  larger  volume  of  gas ;  but  in  this 
way  the  condensers  are  more  evenly  worked  than  if  each  pan  has 
its  own  tower.     In  the  latter  case,  shortly  after  charging  the  pan 
much  more  acid  vapour  will  rush  into  the  tower  than  later  on. 
Properly  speaking,  in  the  beginning  much  more  water  ought  to  be 
run  down  the  condenser  than  afterwards  ;  but  this  is  not  practi- 
cable, on  account  of  the  great  trouble  it  would  give.     If,  however, 
the  gases  from  two  pans  go  into  the  same  condenser,  their  charges 
will  be  so  timed  that,  with  hourly  charges,  the  gas  from  one  pan 
will  always  come  half  an  hour  after  that  from  the  other;  the  prin- 
cipal evolution  of  gas  in  the  first  pan  will  be  already  over  when  it 
begins  in  the  second,  and  so  forth.     Thus  there  will  be  a  much 
more  equal  mixture  of  gases  in  the  condenser,  and  there  will  even 
be  a  considerable  saving  of  condensing-space ;  for  as  the  condenser 
must  always  be  large  enough  to  receive  and  properly  condense  the 
maximum  of  HCl  given  off,  but  with  two  pans  the  maximum  of  one 
coincides  with  the  minimum  of  the  other,  there  will  be  much  less 
space  required  for  a  common  condenser  than  for  separate  condensers 
for  each. 

It  is  true  that  the  above-mentioned  interval  of  half  an  hour  is 
not  always  easily  adhered  to ;  for  since  the  pan-men  have  to  wait 
for  the  roaster-men  getting  their  charge  finished,  and  the  latter 
cannot  always  finish  in  time,  disputes  frequently  arise  between 
them,  and  the  men  have  to  be  carefully  looked  after  in  this  respect. 
The  proposal  of  Kopp,  to  group  fowr  pans  together,  which  would 
have  to  be  charged  at  regular  intervals  of  15  minutes  each,  is  alto- 
gether impracticable  for  the  same  reason.  When  the  pans  are  not 
charged  hourly,  but  at  longer  intervals,  a  regular  rotation  between 
them  is  much  more  easily  carried  out. 

More  rarely  than  for  two  or  more  pans  or  close  roasters  a  common 
condenser  is  met  with  for  two  or  more  open  roasters :  in  this  case 
the  evolution  of  gas  is  at  any  rate  much  more  regular,  especially 
since  the  proportion  of  acid  vapour  in  the  fire-gas  is  comparatively 
small. 

In  the  case  of  stoneware  receivers  there  are  always  separate  strings 

of  bottles  for  each  pan  and  for  each  roaster. 
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Description  of  the  Condensing  Appliances  in  detail. 
We  have  seen  abore  that  at  first  the  condensatioa  of  the  hydro- 
chloric acid  gas  was  attempted  hy  means  of  tanks  filled  with  water, 
over  whose  surface  the  gas  was  conducted.  In  order  to  completely 
condense  any  quantity  of  hydrochloric  acid  in  this  way,  the  water- 
surface  should  he  very  large  indeed ;  and  this  is  all  the  more  trou- 
blesome as  metal  or  wood  vessels  cannot  he  employed,  and  even 
hrickwork  set  in  pitch  stands  very  badly }  so  that  ultimately  only 
the  very  expensive  stone  tanks  remain  available.  Not  only  on 
account  of  the  cost,  but  also  of  the  lai^e  ground-space  required, 
this  condensing- arrangement  would  be  practically  impossible  for 
any  large  factory.  The  tanks  themselves  are  moreover  very  un- 
suitable, because  they  only  furnish  weak  acid,  except  when  mounted 
in  terraces,  as  in  fig.  99.    Such  tanks  are  made  in  France  from  the 

Fig.  99. 


Vosges  sandstone,  usually  in  one  piece,  with  walls  8  or  10  inches 
thick  and  boiled  in  coal-tar ;  they  are  usually  about  6  or  7  feet 
square  and  2  feet  high.  They  are  filled  two  thirds  with  water, 
which  from  the  higher  tanks  A"  flows  over  to  A'  by  the  overflow- 
pipes  ttt,  afterwards  to  A,  whilst  the  gas  entering  at  T  travels  the 
opposite  way  by  means  of  the  siphon  pipes  T,  T",  T",  and  thus 
better  saturates  the  water  with  gas.  At  the  bottom  at  r  somewhat 
concentrated  acid  ought  to  run  into  the  carboys  B. 

A  very  large  number  of  such  tanks  would  have  to  be  employed 
if  the  acid  had  to  be  completely  «)ndenBed  by  them  alone,  and,  in 
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spite  of  this,  no  Tery  strong  acid  could  be  obtained.  Therefore 
tank  condensers  went  out  of  favour ;  and,  in  England  especially, 
even  now  they  are  less  employed  than  they  deserve  to  be,  if  used 
in  the  proper  way,  viz.  only  as  supplementary  to  coke-towers.  We 
shall  go  into  this  afterwards ;  here  we  shall  only  describe  the  con- 
struction of  such  tanks ;  and  we  remark  that  these  constructive 
details  also  apply  to  stone  condensing-towers. 

Different  systems  may  be  employed  for  constructing  stone  tanks. 
In  France  and  Germauy  they  are  sometimes  hewn  out  of  one  large 
block.  This  for  large  sizes  is  enormously  dear ;  and  if  the  tanks 
crack,  it  is  often  impossible  to  repair  them.  We  shall  therefore 
only  enter  upon  the  two  constructions  usual  in  England,  and  repre- 
sented in  figures  100-108. 

Fig.  100.  Fig.  101. 


Fig.  102.  Vig.  lOS. 
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Fig.  104 


In  the  first  construction  the  edges  of  the  sides  are  bevel-jointed ; 
they  are  bound  together  by  cast-iron  brackets  and  tightened  by 
india-rubber  cord.     Pig.  100  shows  such  a  tank  as  viewed  from 
above^  after  taking  away  the  cover;  fig.  101  is  a  side  elevation, 
fig.  102  the  bottom-stone,  and  fig.  103  one  of  the  four  side-stones 
as  they  have  to  be  dressed  by  the  mason;  fig.  104  a  is  a  side  ele- 
vation, and  b  a  horizontal  section  of  a  comer  bracket.     In  the 
bottom-stone  a  shallow  groove,  1  inch  broad  x  ^  inch  deep,  is  made 
in  the  middle  of  the  place  intended  for  the  side  stones^  for  receiving 
the  indisr-rubber  cord.     As  the  stones  are  rarely  sufficiently  even, 
a  band  of  6  inches  width  is  first  dressed  smoothly  all  round  the 
stone,  and  the  groove  cut  into  this  afterwards.     The  side  stones 
are  dressed  quite  smoothly  below,  and  a  similar  groove  is  cut  in. 
Their  two  lateral  edges  are  dressed  as  shown  in  the  diagram ;  but 
only  the  bevelled  part,  which  has  to  receive  the  groove  for  the 
joint,  must  be  dressed  smooth.     The  upper  edge  receives  a  recess 
for  the  cover.     This  itself  does  not  require  any  dressing ;  it  may 
also  consist  of  two  halves,  while  the  bottom-stone  must  not.     The 
cover  is  provided  with  a  man-hole.     When  the  bottom  has  been 
dressed  and  placed  exactly  level  on  its  bed^  an  endless  ring  of  1- 
inch  solid  india-rubber  cord  is  put  into  the  groove,  to  whose  square 
shape  it  is,  of  course,  easily  fitted,  and  is  fixed  at  the  four  comers 
by  tacking  down.     In  these  comers  afterwards,  by  cutting  in, 
f -inch  india-rubber  cords  are  fixed,  equal  in  length  to  the  height  of 
the  sides ;  they  afterwards  serve  for  tightening  the  side-joints,  and 
in  the  meanwhile  are  held  by  strings  from  the  top.     The  four  aide- 
stones  are  singly  put  into  their  places  and  fixed  by  wedges  a  little 
above  their  final  position,  so  that  they  all  incline  outwards  against 
wooden  props.     They  are  then  carefully  put  into  their  proper 
places,  exactly  plumbed,  and  the  horizontal  and  vertical  india- 
rubber  cords  drawn  into  their  grooves^  whereupon  the  wedges  are 
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drawn  out  and  the  weight  of  the  stone  is  allowed  to  presB  npon 
the  india-rubber.  The  sides  still  remain  supported,  till  they  have 
been  hound  by  the  brackets,  and  held  together  by  1-inch,  round 
serew-bara.  The  binding  is  troublesome  work,  since  every  single 
piece  has  to  he  supported  till  the  last  bolt  is  in  its  place.  Where 
the  brackets  touch  the  stones,  small  recesses  are  cut  in  and  strips 
of  lead  put  between  the  stone  and  the  cast-iron  bracket,  which 
equalize  the  pressure. 

Now  the  cover  is  put  in,  and  the  joint  made  good  in  its  recess 
by  tar  and  china-clay ;  if  it  consists  of  two  halves,  the  joint  is  made 
in  the  same  way.  The  pressure  of  the  sides  on  the  india-rubber 
cord  is  not  sufBcient  to  make  the  tanks  acid-tight ;  therefore  two 
cross  bars  (about  4  inches  x  1 J  inch)  are  put  on  the  cover,  through 
Those  ends  pass  screw-bolts,  which  bend  off  at  a  right  angle  below 
the  hottom-stone,  and  on  screwing  the  nuts  down  hold  the  cover, 
sides,  and  bottom  tightly  together.  In  6g.  100  the  places  are  visible 
where  these  four  perpendicular  bolts  are  fixed,  and  in  fig.  101  one 
pair  of  these  along  with  the  cross  bar. 

In  the  second  construction  two  opposite  sides  fit  into  grooves  of 
the  end-stones  at  right  angles  with  them ;  all  four  rest  in  grooves 
of  the  bottom-stone.  The  binding  only  takes  place  from  one  end 
to  another  by  means  of  long  bolts  connecting  the  projecting  parts 
of  the  end-stones ;  and  the  joints  are  always  made  good  by  tar  and 
china-clay  cement  caulked  in.     Fig.  105  shows  a  tank  of  this  kind 

Fig.  106. 
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in  perBpectire,  bnt  preaerving  the  proper  dtmensiona.  Only,  in 
order  to  show  clearly  the  way  in  which  the  sides  and  ends  are  fea- 
thered and  grooved  together,  the  npper  receas,  which  must  be  made 
for  the  cover-stone,  has  been  omitted.      Fig,  106,  a,  shows  the 

Rg.  100. 


bottom-stone  from  the  top ;  fig.  106,  6,  in  section ;  fig.  107,  a,  one 
of  the  ends,  seen  from  within  ;  fig.  107,  b,  the  same  in  side  eleva- 
tion ;  fig.  107,  c,  top-clevation ;  fig.  107,  d,  bottom -elevation.  The 
recess  for  the  cover  is  here  shown,  figs.  106-108  being  working- 
drawings  for  the  stone-mason.  Fig.  108,  a,  is  an  elevation  of  one 
of  the  same;  fig.  108,  b,  the  same  from  below.  In  fig.  106  are 
seen  the  grooves  for  the  sides  and  ends,  4§  inches  broad  and  1  inch 
deep.  In  the  middle  of  each  is  a  V-shaped  groove  (1  inch  side), 
which,  together  with  a  corresponding  bottom-grooTe  of  the  sides 
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and  ends^  forms  a  channel  for  the  cement.  The  two  outer  parts  of 
the  ends^  where  no  joint  is  necessary^  are  left  rough  at  the  bottom^ 
and  are  perforated  with  two  bolt-holes  each.  Besides^  the  ends 
have  each  a  perpendicular  groove^  4|  inches  wide  and  1  inch  deep, 
with  a  Y-shaped  recess  in  the  centre,  just  like  that  in  the  bottom ; 
the  edges  of  the  sides  enter  into  this  groove.  The  sides  themselves 
only  have  a  Y-shaped  recess  all  round  the  two  sides  and  the  bottom, 
since  they  enter  with  all  these  into  the  grooves  of  the  ends  and  the 
bottom — and  moreover  a  recess  for  the  top-stone  on  their  upper 
edge.  The  thickness  of  the  sides  and  ends  in  this  case  is  assumed 
=4  inches,  so  that  the  grooves  are  wide  enough  for  caulking  with 
some  cement. 

If  a  tank  of  this  kind  has  to  be  put  up,  the  bottom  is  levelled, 
the  sides  and  ends  are  placed  a  little  above  their  final  positions  and 
provisionally  supported.  Then  the  bottom  grooves  are  completely 
filled  with  tar  and  china-clay  cement,  and  the  sides  and  ends  let 
down  into  them ;  of  course  a  great  deal  of  cement  is  squeezed  out, 
and  is  stemmed  inside  and  outside  into  the  space  left  between  the 
stones  and  the  margins  of  the  grooves.  First,  however,  two  days 
are  allowed  to  elapse,  for  the  cement  to  harden  a  little.  For  the 
upright  joints  the  process  is  somewhat  different.  The  cement  is 
made  into  small  balls,  which  are  dropped  into  the  lozenge-shaped 
groove,  and  rammed  down  with  a  hot  iron,  a  good  deal  of  cement 
getting  squeezed  out  sideways;  this  is  continued  till  the  top  is 
reached.  Here  also  the  cement  squeezed  out  is  stemmed  into  the 
small  joints  remaining  in  the  grooves.  The  four  screw-bolts  con- 
necting the  two  ends  are  put  in  and  are  tightened  up  as  much  as 
possible.  In  order  to  divide  their  pressure  all  over  the  stone,  they 
press  upon  an  iron  bar  4  inches  x  |,  or  upon  a  piece  of  pitch-pine 
4  inches  x  6.  The  cover  may  be  simply  bedded  in  cement  in  its 
recess ;  the  cross  bars  and  vertical  screw-bolts  are  not  required  here, 
as  the  bottom-joint  is  tight  without  them.  This,  however,  only 
holds  good  of  the  acid-cisterns,  with  which  we  are  occupied  at  pre- 
sent; in  the  case  of  the  chlorine-stills,  otherwise  built  in  exactly 
the  same  manner,  it  is  safer  to  screw  the  top  down,  on  account  of 
the  steam-pressure. 

The  question  now  is,  which  of  the  two  systems  just  described  is 
preferable  to  the  other.  In  the  first  system  a  somewhat  smaller 
stone  surface  is  required  for  the  same  cubical  contents,  and  the 
dressing  of  the  stones  takes  less  time,  because  the  large  grooves 
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have  not  to  be  made ;  the  bevelled  edges,  ahro,  certainly  take  a  good 
deal  of  work.  On  the  other  hand,  much  more  iron  ia  required  than 
in  the  second  system,  viz.  eight  screw-bolts  instead  of  four  for  the 
sides,  eight  comer  brackets,  and  the  cross  bars  and  screw-bolts  for 
the  tops.  Once  complete,  these  cisterns  last  very  long  vithout  any 
repair ;  but  if  they  have  to  be  taken  to  pieces,  the  india-rubber  cord 
cannot  be  used  again.  With  the  second  system  more  stone,  and 
labour  for  cutting,  are  required,  but  a  little  less  labour  for  putting 
them  up ;  the  saving  in  ironwork  is  very  considerable  j  and  the  tar 
and  china-clay  cement  is  also  much  cheaper  than  the  india-rubber. 
The  joints  are  not  quite  so  much  to  be  depended  upon  as  in  the 
first  system ;  and  stemmiug  the  jointa  is  now  and  then  necessary. 
Every  thing  here  depends  upon  the  care  and  skill  of  the  first  builder ; 
the  author  has  known  stills  of  this  kind  which  after  five  years'  use 
did  not  show  any  signs  of  leaking. 

The  tanks,  according  to  the  second  system,  are  on  the  whole 
somewhat  cheaper  than  those  on  the  first.  The  first  system  is 
principally  used  in  Lancashire,  the  second  on  the  Tyne.  It 
would  appear  that  there  is  not  much  to  choose  between  them ; 
but  the  author  would  prefer  the  second  (groove-joint)  system 
even  for  acid-cisterns  and  stills,  and  quite  decidedly  for  con- 
densers. 

A  combination   of  both   coustructions  consists  in   employing 
grooved  joints  and  tar  and  china-clay,  but  joined 
by  comer  brackets  and  the  same  number  of  ^'K'  ^*'^- 

screw-bolts  as  in  the  bevel-joint  system.     The 
sketch  {fig.  109}  will  make  this  clear.     This 
style  was   selected  in  a  special  case  from  fear 
that  the  direct  pull  of  the  bolts  upon  the  pro- 
jecting ends  might  be  too  strong ;  but  later  on 
the  author  found  the  stills  built  just  in  the 
manner  illustrated  in  figs.  105  to  108,  with  grooved  joints. 
Thus  far  we  have  not  regarded  the  thickness  of  the  stones,  which 
indeed  depends  upon  various  circumstances.   In  the  north  of  Eng- 
land "  Yorkshire  flags,"  from  Halifax  and  Southowram,  are  very 
much  used,  consisting  of  a  sandstone  that  resists  hot  acids  even 
without  boiling  in  tar,  which,  on  account  of  its  dense  grwn,  would 
not  do  it  much  good.     It  splits  very  evenly ;  so  that  flags  of  lai^ 
size  and  of  any  thickness  can  he  obtained  by  the  simple  use  of  the 
wedge.     Of  this  stone  much  thinner  slabs  can  be  used  than  of  more 
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porous  and  less  firm  sandstones^  of  which  thin  plates  are  frequently 
as  dear  as  or  dearer  than  thick  ones.  A  thickness  of  6  inches  for 
the  bottom^  4  inches  for  the  sides  and  ends^  and  4  or  even  3  inches 
for  the  tops  will  do ;  frequently  thicker  stones  are  employed,  but 
without  any  good  reason.  Although  this  stone  is  not  boiled  in 
coal-tar^  it  is  useful  and  costs  very  little  to  paint  the  tanks  well 
with  tar  or,  still  better,  with  varnish  made  from  tar. 

In  the  Tyne  district  also  a  very  good  siliceous  sandstone  is 
founds  which  is  employed  for  acid-tanks,  condensers,  and  chlorine- 
stills.  Its  denser  varieties,  such  as  the  Heworth  stone,  do  not  re- 
quire boiling  in  tar.  This  stone  does  not  split  in  plates,  and  must 
be  cut  out  of  the  rough ;  it  is  rarely  employed  below  6  inches, 
usually  7  inches,  for  the  sides,  and  10  to  12  inches  for  the  bottom. 
It  is  not  so  readily  cracked  by  changes  of  temperature,  and  does  not 
scale  off  under  the  influence  of  hot  acid,  as  Yorkshire  stone  does  in 
the  course  of  time.  A  similar  stone  is  found  in  Germany,  near 
Herdecke  and  Wetter  in  Westphalia. 

Any  open  varieties  of  stone  must  be  boiled  in  coaUtar,  always 
after  being  dressed  by  the  stone-mason;  for  a  sandstone  after  boil- 
ing in  tar  is  too  hard  to  be  cut.  For  this  purpose  an  iron  pan  is 
used,  over  which  a  travelling  crane  runs  for  putting  in  and  lifting 
out  the  stones.  The  tar  must  be  deprived  of  its  most  volatile  con- 
stituents by  boiling;  but  it  should  not  be  boiled  down  to  a  very 
thick  consistence,  because  the  pitch  thus  formed  will  not  penetrate 
sufficiently  into  the  stone.  The  stones  (or  the  whole  tanks  if  made 
in  one  piece)  must  be  left  lying  at  least  a  week  in  the  boiling-hot 
tar.  Even  then  the  tar  barely  penetrates  half  an  inch  into  the 
stone,  but  still  imparts  to  it  great  resistance  against  acids,  as 
well  as  against  changes  of  temperature,  rendering  it  as  it  were 
tougher. 

Instead  of  simply  filling  the  acid-cisterns  with  water,'  and  thus 
acting  upon  the  gas  only  by  a  condensing  surface  equal  to  the  hori- 
zontal area  of  the  tank,  Newall  and  Bowman  (patent  of  June  15th, 
1874)  have  applied  a  principle  long  before  known  for  cooling  and 
washing  gases,  viz.  a  very  finely  divided  spray  of  water.  The  novelty 
of  their  process  only  consists  in  the  way  in  which  the  spray  is  gene- 
rated. Fig.  110  will  show  this  more  clearly,  along  with  the  fol- 
lowing description. 
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The  gases  are  introduced  into  stone  cisterns  6  feet  x  6  feet  and 
2  feet  liigh  :  here  the  gas  meets  a  spray  of  water  filling  the  whole 
space  of  the  trough  in  the  shape  of  a  fine  mist,  which  washes  the 
HCl  out  of  the  gas  very  quickly  and  completely,  so  that  twelve  such 
sprays  are  to  suffice  for  four  decomposiog-fumaces.  In  this  ope- 
ration the  latent  heat  of  the  HCl  Tapour  becomes  free ;  and  the 
temperature  of  the  gas  is  very  much  raised  thereby.  The  gas  must 
therefore  be  introduced  by  a.  number  of  comparatively  small  pipes, 
in  order  to  get  as  much  cooling- surface  as  possible,  and  the  pipes 
must  be  bent  upwards  and  downwards  between  each  two  tanks; 
behind  the  last  tank  a  small  coke  condenser  should  be  placed 
about  one  quarter  the  size  of  an  ordinary  condenser.  The  acid  in 
the  cisterns  gets  a  strength  of  33°  Tw. 

The  principal  condition  is  the  generation  of  a  sufficiently  Sne 
mist,  which  is  obtained  by  allowing  the  water  to  run,  imder  a  pres- 
sure of  nearly  three  atmospheres,  through  a  platinum  nozzle  of 
i>g  inch  bore  onto  a  small  button  of  platinum  fixed  }  inch  below  it, 
from  which  the  jet  is  thrown  back  and  a  very  fine  dust  of  water 
generated .  Since  the  fine  outlet  of  the  nozzle  is  easily  stopped  up, 
the  water  should  be  filtered.  Of  course,  in  lien  of  water,  dilute 
acid  may  be  used.  The  inventors  expected  that  their  tanks  would 
not  interfere  with  the  draught  to  the  same  extent  as  coke-towers. 
Had  that  the  process  would  therefore  be  applicable  in  many  other 
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cases — ^for  instance  in  washing  copper  and  lead  smoke^  in  the 
scrubbers  of  gas-works,  &c.  It  has  not,  however,  fulfilled  the 
highly  wrought  expectations  with  which  it  was  at  first  welcomed . 
It  has  been  tried  in  several  places,  but  given  up  again.  The  main 
difficulty  is  that,  in  consequence  of  the  very  high  pressure  and  the 
fine  openings  (both  indispensable  for  producing  a  mist),  the  orifice 
of  the  nozzle  is  constantly  getting  stopped  up,  even  if  filtered  water 
be  used,  which  in  itself  is  a  very  onerous  condition. 

Possibly  Felsinger's  "  mist-pump '^  would  better  suit  the  pur- 
pose. In  this  the  mist  or  spray  is  produced  by  the  action  of  com- 
pressed air  (described  in  '  Praktischer  Maschinen-Constructeur,' 
1878,  p.  254) ;  but  this  involves  both  the  employment  of  driving 
power  for  compressing  the  air  and  a  dilution  of  the  gases  by  the 
latter. 

Condensation  in  JVaulfe's  bottles  or  receivers  (bombonnes,  ton- 
nes) is  hardly  at  all  employed  in  England ;  but  in  France,  Germany, 
Austria,  and  Belgium  it  is  the  most  usual  plan,  partly  with,  partly 
without  a  small  coke- tower  at  the  end.  Most  good  works  have  the 
latter  as  well. 

The  receivers  are  large  stoneware  bottles,  provided  with  two 
hurg^  necks  and  one  small  one  on  the  top,  and  with  a  short  branch 
for  a  tap  at  the  bottom,  mostly  also  with  side  branches  for  mutual 
communication.  It  is  very  important  that  both  in  the  manufac- 
ture of  the  receivers  and  in  the  previous  separation  of  the  clay  the 
greatest  care  should  be  exercised.  Of  course  the  clay  should  be 
entirely  jBree  from  lime ;  it  must  moreover  be  well  levigated  lest  any 
small  pieces  remain  in  it,  which  already  in  burning,  or,  if  not  then, 
certainly  afterwards  in  use,  give  rise  to  cracks.  Even  then  not  all 
kinds  of  clay  are  adapted  for  this  use,  but  only  good,  fire-proof 
kinds.  In  moulding  and  burning  also  the  greatest  care  must  be 
taken.  On  burning,  the  heat,  as  with  all  real  stoneware,  must  be 
increased  up  to  the  point  at  which  the  mass  frits  and  is  semivitri- 
fied ;  even  without  an  enamel  it  should  not  allow  any  liquid  to  pass 
through ;  and  of  course  it  should  have  no  cracks.  After  all,  such 
receivers  as  really  fulfil  all  fair  requirements  and  do  not  cra(^  by 
changes  of  temperature,  can  only  be  got  from  a  few  places.  In 
America,  for  instance,  according  to  the  Austrian  Report  on  the 
Philadelphia  Expedition  (1876),  proper  receivers  cannot  be  obtained 
at  all,  and  have  had  to  be  brought  from  the  Aussig  Chemical  Works 
iti  Bohemia,  notwithstanding  the  enormous  cost  of  transit.     Good 
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stoneware  receivers  &c.  are,  besides,  supplied  in  Eogland  hj  the 
Lambeth  potteries,  in  France  by  the  Beanvais  potteries,  in  Germany 
by  those  at  Zwickau  and  Charlottenburg,  near  Berlin.  The  shape 
usual  in  Germany  is  shown  in  fig.  113,  the  English  one  in  fig.  111. 
Decidedly  the  best  shape  in  a  constructive  point  of  view  is  that 
made  at  Anasig  (fig.  113,  p.  210).  The  bottles  are  about  3  feet  3 
inches  high ;  the  bellied  continental  shape  is  in  the  centre  from  2 
feet  2  inches  to  2  feet  8  inches  wide,  the  cylindrical  English  shape 
about  2  feet  wide.  They  hold  from  36  to  38  gallons. 
Fig.  111. 


Most  German  factories  get  their  receivers  and  other  stoneware 
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apparatus  from  the  Aiissig  Chemical  Works,  whose  general  ma- 
nager, Mr.  SchaflFner,  has  established  works  for  that  purpose,  where 
more  care  is  devoted  to  the  preparation  and  moulding  of  the  clay 
(from  Bilin,  near  Aussig)  than  perhaps  anywhere  else,  and  where 
both  labour  and  fiiel  are  very  cheap.  A  new  kind  of  moulding  has 
been  introduced  there — ^viz.,  instead  of  on  the  potter^s  wheel,  the 
receivers  &c.  are  moulded  in  plaster -of-Paris  shapes  from  clay  slabs 
cut  off  by  a  wire  from  a  block :  thus  they  become  very  accurate  and 
neat,  nor  can  the  best  eye  discover  the  original  joints,  which  on 
burning  would  become  wider,  of  course.  The  Aussig  receivers  have 
indeed  an  excellent  reputation  for  their  resistance  to  acids  and  to 
changes  of  temperature  . 

The  two  upper  wide  necks  serve  for  receiving  the  siphon-shaped 
connecting  pipes,  in  which  the  gas  is  carried  in  and  out ;  they  are 
from  6  to  8  inches  wide.     The  middle  neck,  usually  stoppered, 
serves  for  pouring  in  water;  it  is  2  inches  wide,  as  well  as  the  lower 
one,  into  which  a  stoneware  cock  of  ^  to  |  inch  bore  is  ground  in. 
The  latter  is  not  required  if  side  branches  are  present  through  which 
each  bottle  is  connected  with  its  neighbours ;  only  the  last  of  them 
in  that  case  needs  a  cock.    There  is  no  diflSculty  in  grinding  in  the 
cocks  so  that  they  close  perfectly  tight ;  but  in  consequence  of  bad 
work  they  frequently  leak  at  the  joint.     It  is  not  easy  to  mend 
matters  by  cement,  as  there  is  no  chance  of  stemming  any  in,  as 
can  be  done  in  tanks  made  of  stone  flags.     The  acid  can  also  be 
drawn  off  without  any  cock  by  a  siphon  put  into  the  upper  neck. 
Such  siphons  are  made  of  gutta-percha  and  stand  a  long  time,  as 
faulty  places  can  be  easily  mended  by  cutting  a  piece  out  and  put- 
ting another  one  in.     Gutta-percha  can  be  soldered  perfectly  by 
means  of  a  hot  iron. 

The  receivers  are  always  combined  in  series  such  as  have  been 
figured  on  p.  48,  in  describing  the  older  sulphate-furnaces.    Usually 
there  are  two  rows  for  each  pan,  and  as  many  for  each  muffle ;  two 
rows  are  employed,  because  the  connecting  pipes  cannot  easily  be 
made  wide  enough  to  afEord  sufficient  draught  with  a  single  one. 
They  are  made  of  the  same  mass  as  the  bottles  themselves,  and  a 
little  narrower  than  the  necks,  but  provided  with  a  flange  or  a 
conically  widened  out  end  (fig.  112),  lest  they  should  go  down  too 
low.     Often  they  are  made  pretty  high^  say  3  feet,  in  order  to  cool 
the  gas.     The  pipes  are  cemented  into  the  bottle-necks  with  the 
same  cement  that  plays  such  an  important  part  in  the  condensation 
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of  muriatic  acid,  and  which  has  been  frequently  mentioned  above. 
It  is  made  by  well  kneading-up  thickened  coal-tar  with  as  much 
finely  ground  china-clay  or  pipe-clay  as  it  will  take  up,  and  weU 
beating  the  mixture  with  wooden  mallets  till  it  has  become  a  per- 
fectly homogeneous  plastic  mass,  which  is  moulded  into  brick-like 
blocks,  and  can  be  kept  for  some  time.  It  is  called  at  the  works 
^'  black  stuflf,*'  sometimes  (in  Lancashire)  "  barytes.^'  In  lai^er 
quantities  (for  instance,  if  a  whole  condensing  plant  has  to  be 
built)  this  cement  is  made  in  the  cheapest  and  best  way  by  grind- 
ing up  the  ingredients  under  edge-rollers,  for  instance  in  a  chalk- 
mill.  Before  use  it  is  moderately  warmed  up  and  stemmed  into 
the  joints  by  means  of  bits  of  iron.  It  gives  very  tight,  acid-proof 
joints,  and  in  time  becomes  harder  when  heated,  of  course  not  up 
to  a  red  heat.  Where  it  cannot  be  stemmed  in,  it  must  be  used  in 
a  softer  state ;  but  it  then  does  not  make  such  strong  joints. 

A  less  resisting,  but  more  elastic  cement  is  obtained  by  melting 
up  coal-tar  with  some  rosin,  and  kneading  it  with  finely  ground 
pipe-clay  and  sand. 

Sometimes  the  receivers  are  connected  by  water-lutes,  as  will  be 
shown  later  on  (fig.  113) :  in  this  case  the  pipes  are  not  so  firmly 
fixed,  but  they  can  be  very  quickly  put  in  and  taken  out  if 
need  be. 

The  first  receivers  of  each  row  are  always  connected  by  a  forked 
stoneware  pipe  with  the  gas-pipe  of  the  pan  or  muffle,  unless,  as  at 
Aussig,  the  gas  first  passes  through  a  small  tower  in  which  most  of 
the  sulphuric  acid  is  condensed  by  injected  water,  and  the  gas  is 
so  much  cooled  that  the  first  receivers  are  much  less  subject  to 
cracking.  The  last  pipes  go  into  a  chimney,  or  (which  is  much 
better)  into  a  coke-tower  (see  below) . 

If  each  bottle  is  filled  and  emptied  by  itself,  the  whole  series 
stands  on  the  same  level ;  the  acid  gases  are  nearly  deprived  of  their 
hydrochloric  acid  and  other  constituents  soluble  in  water  already 
in  the  first  few  bottles ;  and  in  these  a  strong  acid  is  formed,  show- 
ing in  winter  34°-36°  Tw.,  in  summer  28^-30°  Tw.— the  latter 
partly  because  acid  of  equal  percentage  of  HCl  at  a  higher  tempe- 
rature occupies  a  larger  volume,  partly  because  in  warm  weather  it 
is  not  at  all  possible  to  make  such  a  strong  acid,  owing  to  the  de- 
creasing solubility  of  HCl  in  water  with  increasing  temperature. 
The  later  bottles  of  the  series  then  serve  for  absorbing  the  small 
quantities  of  HCl  which  have  escaped  condensation  in  the  first 
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bottles ;  and  only  very  weak  acid  is  formed  in  them.  Whilst,  there- 
fore, the  first  bottles  can  be  daily  emptied  and  refilled  with  water, 
and  yet  furnish  strong  acid,  the  later  bottles  not  only  have  to  stand 
much  longer,  but  they  cannot  wait  till  their  acid  has  got  up  to 
strength,  since  in  that  case  much  HCl  would  escape  condensa- 
tion. Their  contents  must  therefore  be  regularly  withdrawn  in  the 
state  of  weak  acid  and  filled  into  the  first  bottles,  in  order  to  get 
up  to  strength  therein,  whilst  fresh  water  is  put  into  the  last  bottles. 

This  process  requires  much  labour ;  and  on  emptying  and  refill- 
ing the  bottles  the  draught  in  the  decomposing-paus  and  furnaces 
is  very  much  interfered  with  ;  thus  much  acid  vapour  escapes  from 
these  and  from  the  open  necks  of  the  bottles.  All  the  best  factories 
therefore  now  work  differently.  Usually  the  bottles  are  placed 
terrace-fashion  on  an  inclined  plane,  only  the  top  bottle  is  fed  with 
water,  and  acid  is  only  withdrawn  from  the  bottom  bottle.  The 
current  of  acid  gas  travels  in  an  opposite  direction,  first  into  the 
strongest  bottle,  whose  contents  it  entirely  saturates,  then  over  acid 
leas  and  less  concentrated,  and  ultimately  over  pure  water.  This  is 
evidently  a  rational  arrangement.  Without  any  manual  labour 
water  is  continuously  run  in  at  one  end  and  strong  acid  is  run  out 
at  the  other  end.  But  if  the  acid  has  at  once  to  be  filled  into  car- 
boys, the  labour  required  for  this  has  to  be  furnished.  Some 
arrangement  must  in  this  case  exist  for  the  liquid  to  flow  out  of  each 
bottle  into  the  next  lower  one.  But  it  is  much  better  if  the  bottles 
are  combined  in  such  a  way  that  the  acid  lying  on  the  bottom  of  the 
higher  bottle,  being  a  little  heavier  and  more  concentrated  than  that 
on  the  top,  runs  into  the  next  lower  bottle.  The  way  in  which  this 
is  done  will  be  shown  very  clearly  later  on,  in  describing  the  Aus- 
sig  apparatus.  One  of  the  two  side  openings  (fig.  113)  is  connected 
with  a  moulded-in  stoneware  pipe,  which  goes  almost  down  to  the 
bottom  of  the  bottle,  and  causes  the  outflow  always  to  begin  from 
there.  The  connexion  between  two  bottles  is  made  by  short  glass 
tubes,  which  are  joined  to  the  thickened  edges  of  the  side  branches 
by  strong  elastic  tubing;  or  the  side  branches  are  moulded  so  as  to 
bend  upwards,  and  are  joined  by  small  glass  siphons  reaching  from 
one  bottle  to  the  other.  The  simplest  plan  is  to  put  into  the  side 
openings  india-rubber  corks,  through  which  a  short  glass  connect- 
ing tube  passes. 

It  ii  sufficient  to  place  each  following  bottle  1  inch  below  the  pre- 
ceding one ;  so  that  a  whole  series  requires  only  about  3  feet  fall. 
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Sometimea,  in  order  to  cool  the  gases  better,  the  receivers  are 
placed  in  a  tarred  wooden  trough  into  which  cold  water  nms  at  one 
end;  this, however,  ia  not  eaaily combined  with  the  terrace  arrange- 
ment just  described.  In  this  case  it  is  still  possible  to  run  water 
upon  them  from  the  outside,  but  at  a  considerable  risk  of  cracking 
them.  At  all  events  the  bottles  ought  to  be  protected  against  the 
direct  action  of  the  sun  by  a  light  roof. 

The  following  arrangement  permits  working  with  ordinary 
Woulfe'a  bottles  without  side  branches,  and  yet  of  attaining  to  a 
great  extent  the  advantage  of  systematical  condensation  and  saving 
of  labour.  There  are  two  rows  of  bottles,  as  usual.  The  gas,  how- 
ever, only  travels  through  one  of  them.  A,  in  one  direction,  and 
returns  in  the  other,  B.  Nest  day  the  pipe-connexions  are  changed, 
and  the  gas  is  first  admitted  into  B,  i.  e.  into  that  bottle  which  on 
the  preceding  day  bad  been  the  last  of  all ;  and  it  then  returns 
through  the  series  A,  which  has  now  been  filled  with  freah  water. 
This  change  is  made  every  day.  All  the  bottles  of  one  series  are 
filled  and  emptied  at  a  time.  They  have  each  a  neck  at  the  bottom ; 
over  this  a  gutta-percha  tube  is  put,  which  joins  a  main  pipe  run- 
ning along  the  whole  series;  the  latter  lies  in  a  wooden  shoot, 
to  pravent  its  sagging  by  heat;  and  its  projecting  end  is  ordi- 
narily bent  upwards.  Thus  all  the  bottles  are  connected  with 
each  other  and  with  the  main  pipe.    At  the  end  of  the  shift. 
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when  that  series  of  bottles  has  had  the  gas  twice^  and  consequently 
contains  strong  acid^  this  is  emptied  out  of  all  the  bottles  at  a  time 
by  bending  downwards  the  projecting  end  of  the  main  pipe ;  then 
the  latter  is  bent  upwards  again ;  and  now^  if  water  is  run  into  any 
one  of  the  bottles^  all  of  them  are  getting  filled  at  the  same  time. 

For  condensing  the  pan-gas  not  quite  so  many  receivers  are 
needed  as  for  the  muffle-gas^  because  the  former  is  richer  in  HCl 
and  comparatiyely  cool  and  moist.     From  35  to  50  bottles  suffice 
for  an  ordinary  small  pan^  decomposing  daily  from  a  ton  to  30  cwt. 
of  salt.     The  much  more  dilute,  hotter,  and  drier  furnace-gases  are 
more  difficult  to  condense,  and  there  ought  to  be  70  or  80  bottles 
for  each  muffle ;  and  even  then  the  gas  cannot  be  condensed  very 
well  by  these  alone,  nor  can  any  very  strong  acid  be  obtained  from 
it    Sometimes,  on  the  contrary,  a  larger  number  of  receivers  are 
employed  for  the  pan  than  for  the  muffle.     In  order  to  fix  the  last 
portions  of  the  acid,  which  in  receivers  are  not  retained  by  mere 
water,  Kuhlmann  employed  milk  of  lime,  poured  over  cokes  in  a 
special  apparatus,  and  thus  offering  a  large  surface  to  the  current 
of  gas*.     He  did  this  in  stoneware  bottles  also,  but  with  a  very 
large  mouth,  closed  by  a  lid  and  a  water  lute,  to  which  at  the  same 
time  a  funnel  for  running  the  milk  of  lime  was  attached.    The 
vessel  is  filled  through  the  mouth  with  lumps  of  coke  of  the  size  of 
a  fist;  the  liquid  runs  about  halfway  up  the  bottle ;  the  upper  half 
of  the  latter  is  therefore  filled  with  coke  alone  and  exposed  to  the 
gas.     The  milk  of  lime,  continually  running  in  from  a  higher 
reservoir,  runs  off  below  as  calcium  chloride.     The  pan-gas  of  a 
furnace  decomposing  266  kilog.  salt  with  279  kilog.  sulphuric  acid 
of  58^-^^  Baum6  (in  what  length  of  time  ?)  first  passes  through 
66  ordinary  bottles,  then  through  6  lime-bottles  of  the  sort  just 
described — ^that  of  the  roaster  through  86  ordinary  bottles,  then 
through  4)  Ume-bottles,  and  ultimately  through  a  flue  filled  With 
quicklime,  several  metres  long,  before  they  get  into  the  chimney. 

This  process,  employed  for  some  time  at  Kuhlmann's  works,  is 
not  at  all  to  be  recommended;  and  it  is  inconceivable  how,  so  long 
after  the  introduction  of  Gossage's  coke-towers,  it  could  have  been 

•  Kuhlmann  is  usually  quoted  as  the  inventor  of  the  following  appaiatusy 
which  certainly  was  first  (and  perhaps  exclusively)  at  work  in  his  factories ;  it 
was  not  he,  however,  but  Marsilly,  who  proposed  this  arrangement,  when  the 
inhabitants  of  Amiens  compluned  of  the  vapours  escaping  from  Kuhlmann's 
works ;  and  the  latter  was  compelled  by  the  authorities  to  adopt  it.  (Annales 
dM  Mines,  vL  (6)  p.  100.) 
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invented^  and  even  commended  by  some.  The  whole  arrangement 
is  very  complicated^  exposed  to  constant  disturbances^  can  only  act 
imperfectly  (on  account  of  the  low  fall  of  the  milk  of  lime),  and 
involves  the  loss  of  all  the  lime.  The  Belgian  Commission  (comp. 
p.  68  of  their  Report)  carefully  investigated  this  plan,  and  rejected 
it  as  quite  useless.  Even  when  the  lime  was  constantly  stirred  up, 
which  on  the  large  scale  would  not  be  practicable  in  this  apparatus, 
a  large  quantity  of  uncondensed  HCl  passed  through;  and  the 
Belgian  factories  consequently  found  themselves  compelled  to  give 
up  the  process  again.  Afterwards  Kuhlmann  himself  replaced  the 
lime  by  natural  barium  carbonate,  in  order  to  utilize  the  barium 
chloride  for  the  manufacture  of  permanent  white  (BaSOJ.  At 
his  factory  at  B;Oche-le3-Amiens  there  are  for  each  decomposing- 
fumace  160  receivers,  30  of  which  contain  barium  carbonate ; 
ultimately  the  gases  enter  a  mechanical  washer,  viz.  a  cistern 
covered  with  a  wooden  lid,  in  which  an  agitator  causes  a  conti- 
nuous spray  of  water,  holding  finely  ground  barium  carbonate  in 
suspension.  From  100  parts  of  92-per-cent.  salt,  along  with  140 
parts  hydrochloric  acid  of  34°-36°  Tw.,  another  20  parts  of  acid 
combined  with  baryta  are  said  to  be  obtained.  Even  this  second 
method  (which,  according  to  Stasis  report,  affords  almost  perfect 
condensation)  is  not  recommended  from  a  technical  point  of  view ; 
it  is  tied  to  a  material  obtainable  only  in  restricted  quantities,  and 
produces  a  by-product  only  saleable  to  a  very  limited  extent ; 
moreover  it  is  much  simpler  and  cheaper  to  decompose  the  barium 
carbonate,  without  grinding  it  finely,  in  special  apparatus  by  means 
of  the  dilute  acid  which  might  be  obtained  by  a  coke-tower  placed 
behind  the  receivers.  It  is  not  even  necessary  to  make  any  weak 
acid  at  all :  all  the  water  can  be  run  onto  the  tower,  and  from  this  into 
the  first  receiver,  so  as  to  be  ultimately  discharged  as  strong  acid. 

Another  half-measure,  and  consequently  unsuitable,  is  the  use 
of  the  "  cascade-bottles,^'  sometimes  placed  at  the  end  of  the  series, 
provided  with  a  wide  central  opening,  in  which  a  perforated  funnel 
fitted  with  coke  is  introduced,  and  water  run  down  the  same ;  for 
of  course  the  gas  does  not  pass  through  the  funnel,  but  only  round 
it,  and  the  whole  complicated  arrangement  does  very  little  good. 

It  may  be  assumed  that  for  each  100  kilog.  salt  140  to  146  litres 
of  water  must  be  run  through  the  receivers,  if  strong  acid  is  made 
exclusively ;  in  practice,  where  much  weak  acid  is  made  in  the  last 
washing  of  the  gas,  perhaps  twice  as  much  water  is  used. 

Condensation  by  receivers  alone  is  only  suitable  for  small  or 
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medium-sized  works^  especially  if  strong  and  pure  acid  is  aimed  at ; 
even  then  it  can  be  replaced  by  a  combination  of  stone  tanks  and 
coke-towers.  For  the  same  quantity  of  salt  decomposed^  receivers 
in  large  works  are  sometimes  more  costly  than  coke-towers ;  they 
require  much  more  space  and  supervision,  and  are  often  very  trou- 
blesome through  frequent  breakages  of  bottles.  This  holds  good 
less  of  pan-receivers  than  of  muffle-receivers;  every  thing  of 
course  depends  upon  the  quality  of  the  ware.  Long  series  of 
receivers  very  much  check  the  draught,  without  affording  a  suffi* 
cient  equivalent  for  it,  as  coke-towers  do,  where  the  increased 
friction  goes  hand  in  hand  with  an  increase  of  condensing-surface. 
The  advantage  of  better  cooling,  which  receivers  have  against  the 
larger  stone  tanks,  is  counterbalanced  by  the  multiplication  of 
apparatus  and  of  joints. 

The  principal  drawback  of  receivers,  when  employed  by  themselves 
(and  not  merely  as  introductory  to  coke-towers),  is  that  the  liquid 
and  the  gas  have  comparatively  few  points  of  contact  with  each 
other.  If  on.  cementing  the  arms  in  the  bottle-necks  a  little  tar 
cement  has  got  inside,  the  thin  oily  layer  forming  on  the  liquid 
prevents  that  contact  completely,  and  the  bottle  in  question  ceases 
to  work  :  this  can  be  ascertained  by  its  remaining  cold.  Receivers 
by  themselves  consequently  ara  not  to  be  recommended  ;  but 
combined  with  coke-towers  of  considerable  size  and  made'  of  the 
very  best  material,  as  in  the  Aussig  system  to  be  described  here- 
after, they  are  adapted  for  all  but  the  very  largest  works,  in  which, 
in  the  English  fashion,  each  pan  is  intended  to  accomplish  its 
maximum  of  work. 

The  most  important  advance  in  the  condensation  of  hydrochloric 
acid  was  the  introduction  of  the  previously  mentioned  coke-towers, 
invented  by  Gossage  in  1836,  i.  e.  tower-  or  column-shaped  appa- 
ratus of  stone,  brickwork,  or  stoneware,  filled  with  coke  or  some 
other  porous  material,  over  which  a  continuous  rain  of  water 
trickles  down,  whilst  the  gas  from  which  the  HCl  is  to  be  removed 
passes  likewise  through  the  tower,  and  that  best  in  an  upward 
direction — that  is,  opposite  to  the  current  of  water.  Gossage  him- 
self, as  can  be  seen  from  his  ^  History  of  the  Soda-Manufacture,' 
p.  27,  derived  no  pecuniary  advantage  from  the  general  adoption 
of  his  invention,  but,  on  the  contrary,  suffered  the  loss  caused  by 
the  first  costly  experiments. 

It  is  well  known  that  coke-towers  are  now  the  principal  con- 
densing-apparatus  in  nearly  all  the  larger  alkali-works.      Their 
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action  is  based  upon  the  following  facts  (very  clearly  pointed  oat 
by  Dr.  A.  Smith).  When  the  air  contains  but  very  little  HCl  (say 
0*003  per  cent.)^  it  already  appears  cloudy  in  damp  weather.  Even 
when  it  has  been  condensed  in  a  rapid  current  through  well-cooled 
pipes^  it  still  appears  cloudy  on  leaving  them ;  but  when  it  has 
been  passed  through  small  pieces  of  coke  or  through  very  narrow 
damp  channels^  it  issues  clear.  The  floating  acid  particles  which 
are  too  small  to  be  precipitated  seem  to  be  retained  like  precipi- 
tates on  a  paper  filter.  The  essential  point  is  therefore  the  surface- 
contact  ;  and  few  materials  offer  such  a  large  outer  and  inner  sur- 
face as  coke.  Its  inner  surface^  enormous  as  it  is^  is  not  directly 
utilized^  since  the  pores  are  filled  with  liquid  acid  and  do  not  allow 
the  gas  to  pass :  stones  or  bricks  would  therefore  seem  to  afford 
the  same  action ;  but  the  pores  of  coke  act  indirectly  by  the  con- 
tinuous diffusion  of  acid  from  within  and  fresh  water  from  without. 
Some  factories^  indeed^  employ  fire-bricks  or  specially  moulded  fire- 
clay lumps  with  many  perforations  (see  below) .  Sometimes  with 
open  roasters  bricks  are  employed  in  the  lower  and  coke  in  the 
upper  part  of  the  condensers.  StiU,  for  the  sake  of  simplicity,  we 
sometimes  call  all  these  apparatus  ^^  coke-towers '^  or,  generally, 
"  condensers.^^  The  object  of  employing  bricks  is  partly  to  afford 
wider  spaces  in  cases  where  any  soot  might  be  deposited,  partly  to 
avoid  ignition  of  the  coke  by  hot  gases  from  open  driers. 

Coke-towers  are  nearly  always  of  square  section,  occupying 
9  to  64  square  feet  of  ground-space,  and  5  to  120  feet  high.  They 
are  employed  either  single  or  several  together ;  they  communicate 
either  with  the  open  air  or  with  a  chimney.  Of  course  these  con- 
ditions are  not  arbitrary,  but  are  determined  by  circumstances, 
such  as  the  size  of  the  batches,  the  kind  of  roaster,  &c.  But  as 
the  gas  always  issues  very  hot,  especially  from  the  roasters,  cool- 
ing it  by  long  conduits  is  of  great  advantage ;  otherwise  the  con- 
densers themselves  get  very  hot.  If  this  is  sought  to  be  remedied 
by  runniDg  down  very  much  water,  a  dilute  acid  is  obtained,  and 
the  passage  of  the  gas  may  even  be  obstructed  too  much. 

The  furnace-gases  cannot  be  completely  condensed  in  a  single 
tower,  if  strong  acid  is  to  be  made ;  but  the  gas  is  allowed  to  pass 
through  a  flushing-tower  or  post  condenser,  where  it  is  washed 
with  a  good  deal  of  water,  whilst  the  resulting  very  weak  acid  is 
run  to  waste,  unless  it  is  pumped  up  for  feeding  the  proper  con- 
denser. The  pa^n-gas  by  itself  can  be  condensed  by  a  single  tall 
coke-tower  not  connected  with  a  chimney. 
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CondenserB^  according  to  Dr.  A.  Smith,  may  have  the  following 
defects.  If  the  coke  is  too  loosely  packed  or  the  pieces  are  too 
large^  there  is  not  enough  surface  opposed  to  the  gas ;  the  layers 
easily  collapse,  form  compact  masses,  and  allow  the  gas  to  pass 
more  easily  through  another  part  of  the  sectional  area.  In  this 
case  a  large  portion  of  the  tower  remains  inactive ;  and  conse- 
quently the  really  efficient  portion  of  some  very  large  condensers 
is  very  small.  Exactly  the  same  thing  happens  when  the  coke  is 
packed  too  tightly.  In  this  case  so  much  resistance  is  offered  to 
the  gas  that  it  seeks  the  opener  passages,  never  totally  absent. 
A  very  bad  case  is  that  of  condensers  getting  out  of  plumb.  Then 
the  water  does  not  run  down  equally,  and  the  gas  of  course  prin- 
cipally ascends  on  the  dry  side,  where  it  meets  with  less  resistance. 
Thus  a  large  tower,  fed  with  much  water,  may  beco\ne  worthless, 
as  actually  happened  in  a  Tyneside  works.  There  this  was  partly 
remedied  by  putting  in  wooden  shelves  on  the  overhanging  side, 
which  compelled  the  water  to  flow  across  to  the  other  side  of  the 
tower.  Very  frequently  the  condensers  are  too  small.  This  can 
be  counterbalanced  by  a  larger  feed  of  water^  but  only  to  a 
certain  degree.  A  certain  time  is  required  for  condensation; 
and  if  the  condensers  are  not  high  enough,  the  largest  supply  of 
water  cannot  make  up  for  this.  A  large  condenser  consequently 
always  works  better  than  a  small  one.  Cases  have  occurred  where 
a  strong  current  of  water  ran  down  and  arrived  only  faintly  acid 
at  the  bottom;  whilst  the  gas  escaped  strongly  acid  at  the  top. 
If  too  much  water  runs  down,  the  surface  of  the  coke  is  eveil 
lessened  and  its  efficiency  impaired.  The  arrangements  for  divi- 
ding the  water  before  it  runs  onto  the  coke  are  also  often  very 
imperfect.  It  is  very  important  that  the  gas  should  always  travel 
IB  the  opposite  direction  to  the  water — that  is,  always  upwards. 
Condensers  with  an  internal  partition,  in  which  the  gas  first  goes 
upwards  in  one  compartment  and  downward  in  the  other,  are  faulty. 
The  first  Report  of  the  Inspector  on  the  Alkali  Act  mentions  a 
very  telling  case,  in  which  such  an  inefficient  condenser  was  at  once 
cared  when  the  gas  was  taken  from  the  top  downwards  by  a  string 
of  pipes  and  made  to  ascend  in  the  second  compartment  as  well. 

The  draught  through  the  condensers  should  not  be  too  strong ; 
if  the  gas  is  pulled  through  too  fast,  condensation  cannot  be  per- 
fect. This  does  not  easily  happen  with  condensers  open  at  the 
top,  which,  however,  can  only  be  used  for  pan-acid.  For  conden- 
sing the  roaster-acid,  or  both  together,  especially  for  open  roasters^ 
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more  draught  is  required,  and  the  condensers  must  be  connected 
with  a  high  chimney.  At  a  Tyneside  works  the  condensers  situ- 
ated nearest  to  the  chimney,  and  exposed  to  the  strongest  draught, 
condensed  much  worse  than  those  more  distant.  Suitable  dampers 
ought  to  be  sufficient  for  correcting  this  fault. 

The  efficiency  of  condensers  is  much  promoted  by  a  previaus 
cooling  of  the  gases.  Good  condensation  may  be  assumed  to  take 
place  if  there  is  a  difEerence  of  temperature  of  50°  C.  between  the 
gas  entering  and  that  leaving  the  towers.  The  more  the  gases 
are  previously  cooled,  the  less  work  the  condensers  have  to  do,  and 
condensation  is  all  the  more  perfect.  In  a  rational  condensing- 
apparatus  the  gas  must  always  pass  through  a  channel  where  it 
can  be  cooled  by  the  outer  air;  this  is  best  done  by  pipes  of  diflfe- 
rent  material,  either  by  themselves  or  in  connexion  with  stone 
tanks  offering  a  large  surface.  In  some  places  there  are  large 
brick  chambers  (not  filled  with  coke)  for  the  same  purpose.  The 
stoneware  receivers,  if  employed  in  this  way  (that  is,  in  connexion 
with  a  coke-tower),  also  act  very  well  indeed. 

The  most  natural  occasion  for  cooling  by  pipes  occurs  when  the 
decomposing-fumaces  are  at  some  distance  from  the  condensers ; 
sometimes  they  are  purposely  laid  out  in  this  way  up  to  300  feet 
away  fift>m  the  towers ;  or,  if  the  space  does  not  admit  of  a  long 
horizontal  conduit,  the  gas  is  sometimes  first  taken  upwards,  say 
50  feet,  and  then  downwards  again,  before  entering  the  condensers. 
(Compare  later  on.) 

*  Some  direct  experiments  on  the  cooling  action  of  earthenware 
pipes  are  described  in  the  Third  Report  on  the  Alkali  Act,  p.  40. 
At  Kurtz's  works,  at  St.  Helen's,  the  pan-  and  furnace-gas  together 
pass  through  a  12-inch  pipe.  Just  behind  the  furnace  the  tempe- 
rature was  170°  C. ;  6  feet  3  inches  further  on,  136i® ;  and  7  feet 
3  inches  further  on,  110°  C. :  thus  in  a  length  of  13  feet  6  inches 
it  had  been  lowered  by  60"^  C.  (that  is,  4°*44  C.  per  foot  of  its 
course) .  Now  the  gas  entered  into  a  stone  tank  of  a  capacity  of 
200  cubic  feet,  and  left  it  with  a  temperature  of  76°'5 ;  after  a 
further  passage  through  18  feet  of  12-inch  pipe  its  heat  was  60°  C. ; 
the  condensation  in  the  coke  tower  was  perfect.  It  is  true  that 
the  outer  temperature  during  the  experiment  was  only  6°  C. 

At  another  works  the  temperature  of  the  gas  after  passing 
through  94  feet  of  earthenware  pipe  sank  from  162°  to  75i°C.;  and 
already  after  the  first  40  feet  it  had  got  down  to  86^*5.  In  a  third 
works,  also  perfectly  condensing  its  HCl,  the  gas  just  behind  the 
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pan  showed  123°  to  149°,  and  after  passing  through  250  feet  of 
piping,  34°  to  41  C". 

Very  instructive  are  some  observations  on  the  cooling  influence 
of  different  kinds  of  gas-flues  contained  in  the  fourth  Report,  p.  53. 
All  three  flues  belonged  to  open  roasters.     The  first  was  an  under^ 
grtmnd  brick  flue,  160  feet  long,  of  1600  cubic  feet  cooling-space. 
Temperature  on  entering  about  360° ;  on  leaving,  300°  C. ;  that  is,  a 
cooling  of  nearly  4°  C.  for  each  10  feet  length,  or  of  10°  C.  for  each 
261  cubic  feet.     The  second  was  an  overhead  brick  flue,  160  feet 
long,  and  containing  1300  cubic  feet  cooling-space.     Temperature 
on  entering,  360°  C. ;  on  leaving,  88°  C. ;  cooling  17°  C.  for  each 
10  feet  length,  or  10°  C.  for  each  47'7  cubic  feet.     The  third  con- 
sisted of  cast-iron  pipes,  2  feet  3  inches  wide  and  130  feet  long, 
of  a  capacity  of  518  cubic  feet.     Temperature  on  entering,  360° ; 
on  leaving,  138°  C. ;  cooling  about  17°*  1  C.  for  each  10  feet  length, 
or  10°  C.  for  each  232  cubic  feet.     In  later  Reports  we  find  the 
following  statement  for  cast-iron  pipes  :  length  of  piping  124  feet, 
cooling  from  about  360°  C.  to  138°  C. ;  length  of  piping  106  feet, 
cooling  from  470*^  (pyrometrical  measurement)  to  138°  C.     Glass 
pipes,  which  can  hardly  compete  with  the  materials  just  mentioned, 
will  be  spoken  of  later  on. 

A  proposal  for  further  cooling  the  gas,  made  by  J.  Mather,  is 
communicated  by  Dr.  A.  Smith,  who  himself  is  not  very  hopeful 
about  it.  Air  is  to  be  compressed,  cooled  down  to  the  ordinary 
temperature,  and  introduced  into  the  gas,  which  it  is  to  cool  on 
expanding.  It  is  well  known  that  the  generation  of  cold  by  the 
expansion  of  previously  compressed  and  cooled  air  is  not  at  all  a 
cheap  process  ;  and  in  this  case  the  condensation  is  certainly  ren- 
dered as  much  more  difficult  by  dilution  "^ith  air  as  it  has  been 
aided  by  cooling.  A  sketch  of  his  apparatus  is  found  in  the 
Eleventh  Report  on  the  Alkali  Act,  p.  39. 

The  interposition  of  stone  tanks  between  the  furnaces  and  con- 
densers is  not  absolutely  necessary ;  even  without  them,  complete 
condensation^  and  of  strong  acid,  can  be  attained.  Still  they  are 
very  much  to  be  recommended,  especially  where  much  strong  acid 
is  required  for  sale.  With  condensers  alone  the  acid  can  be  made 
sufficiently  strong  for  own  use  (say  28°  or  even  30°  Tw.),  but  not 
easily  up  to  34°  or  36°  Tw.,  as  required  for  sale,  unless  a  very  large 
quantity  of  worthless  weak  acid  is  made.  Of  course  by  lessening 
the  supply  of  water  in  the  proper  condenser,  stronger  acid  will  be 
got;  but  then  more  gas  will  pass  over  into  the  post  condenser 


SULPHATE  OP  BODA  AND  HTDROCHLORtC  ACID. 


C0NDBN8ATI0N  OF  HYDROCHLOEIC  ACID, 


219 


where  it  has  to  be  condensed  into  weak  acid.  Practice  has  shown 
that  with  properly  constructed  condensers  without  stone  tanks  the 
add  need  not  be  below  28°  Tw. ;  but  it  cannot  well  be  made  stronger 
without  incurring  the  inconvenience  just  mentioned. 

The  number  of  stone  tanks  may  be  assumed  to  be  three,  which 
is  suflficient  for  most  purposes.  In  the  first  of  these  most  of  the 
sulphuric  acid  carried  along  with  the  HCl  is  condensed;  the  acid 
contained  in  this  tank  is  consequently  very  pure,  and  that  of  the 
two  following  ones  all  the  purer.  This,  however,  only  holds  good 
of  pan-acid ;  roaster-add  can  never  be  obtained  free  from  sulphuric 
add,  because  it  is  partly  present  in  the  furnace-gas  as  anhydride, 
which  is  very  diflScult  to  condense  completely.  When  there  are 
several  tanks  they  can  be  connected,  and  a  stream  of  water  or 
dilute  add  may  be  run  in  them  in  the  direction  opposite  to  that  of 
the  current  of  gas,  just  as  is  done  in  the  stoneware  receivers ;  but 
the  tanks  are  simpler,  last  longer,  and  the  gas-pipes  can  be  made 
much  larger  than  with  Woulf e's  bottles. 

Fig.  114  is  a  sketch  of  a  condensing-plant  sufficient  for  the 
complete  condensation  of  the  gas  from  two  English  blind  roasters 
producing  80  tons  of  sulphate  per  week.  At  a  are  the  pipes  convey- 
ing the  gas  from  the  furnaces ;  they  must  rise  high  enough  above 
them  to  have  a  fall  of  i  inch  to  the  foot  down  to  the  first  tank  b. 
The  gas  issues  from  the  furnaces  in  15-inch  pipes,  which  either 
enter  separately  into  the  cistern  b,  or  are  united  beforehand  by 
a  Y-pipe ;  the  common  pipe  carrying  them  onward  should  have 
21  inches  diameter. 

Fig.  114  (ccmt.). 
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It  is  preferable  to  introduce  the  two  15-inch  pipes  separately, 
because  one  of  them  can  easily  be  stopped  when  either  of  the  fur- 
naces has  to  stand  still  for  repairs.  The  three  stone  cisterns  A,  bi, 
and  b^  are  connected  at  the  bottom  by  1-  or  2-inch  stoneware  pipes ; 
and  each  of  them  is  provided  with  an  outlet-cock.  The  pipe  i 
connects  them  with  the  stock-cisterns  h  and  hi,  and  allows  either 
all  the  acid  condensed  in  b,  bi,  and  b^  to  run  into  them,  or  perhaps 
only  that  of  b,  for  bleaching-powder-making,  whilst  the  purer  acid 
from  bi  and  b^  can  be  drawn  off  into  carboys  for  sale. 

The  tanks  should  be  placed  so  that  the  gas  will  rise  from  them 
to  the  first  coke-tower — ^best  of  all,  so  low  that  the  tower-acid  can 
run  into  them ;  but  there  should  be  a  fall  to  the  store-tanks  as  well. 
The  latter  case  is  not  provided  for  in  the  drawing,  which  of  course 
must  be  modified  in  each  factory  according  to  the  given  conditions 
of  level.  The  gas  then  enters  a  coke-tower,  c,  7  feet  square  and  45 
feet  high;  &om  this  it  is  taken  down  in  the  21 -inch  pipes  cf,  and 
enters  the  post  condenser  rf,  which  is  also  45  feet  high,  but  only 
4  feet  square.  From  this  it  issues  at  the  top  and  descends  through 
e  downwards  into  a  flue  leading  to  the  chimney.  In  this  there 
must  be  a  suitable  damper,  made  of  slate  or  rough  plate  glass  &;c., 
and  never  opened  wider  than  is  absolutely  necessary. 

It  would  be  of  course  much  simpler  to  connect  the  towers  c  and  d 
at  the  top;  the  gas  would  then  ascend  through  c  and  descend 
through  d;  the  two  strings  of  pipes  d  and  e  would  thus  be  saved. 
But  this  saving  amounts  to  very  little  in  comparison  with  the  much 
more  perfect  condensing  effect  of  the  arrangement  as  first  described. 

The  two  towers  are  fed  with  water  from  the  wooden  cistern  /, 
which  is  fixed  on  a  scaffold  over  the  towers  ;  so  that  there  is  space 
for  a  man  to  stand  between  the  top  of  the  tower  and  the  bottom  of 
the  cisterns.  The  cocks  y  y  supply  the  water,  in  a  manner  to  be 
described  in  detail  later  on. 

The  condensed  acid  is  run  from  c  into  the  cisterns  h  hi,  of  which 
one  is  always  filling  whilst  the  contents  of  the  other  are  getting 
used  in  the  chlorine  stills  &c.  These  cisterns  ought  to  be  placed 
high  enough  for  the  acid  to  run  to  the  stills  by  itself;  only  in  the 
most  urgent  cases  ought  pumping  of  hydrochloric  acid  to  be  resorted 
to  (see  below) .  It  is  still  better  to  make  the  condenser-foundations 
high  enough  for  running  the  tower-acid  into  the  tanks  b,  bi,  and  6^ 

We  shall  now  describe  the  parts  of  the  apparatus  separately,  and 
begin  with  the  pipes  conveying  the  gas  away  from  the  decomposing- 
fumaces. 
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Formerly  these  were  always  made  of  a  tapering  shape,  one  pipe 
projecting  into  another,  with  the  cement  stemmed  in  between  them 
(see  fig.  115).  The  amount  of  the  tapering  is  such  that  pipes  of 
4  feet  6  inches  length  are  15  inches  wide  at  one  end  and  18  inches 
at  the  other.  Such  pipes  can  only  be  made  by  hand,  and  are  con- 
sequently dear.  Many  manufacturers  therefore  choose  the  shape 
fig.  116,  which  is  much  more  easily  and  cheaply  made.     The  joints 

Fig.  116. 


are  made  good  by  the  above-described  .tar  and  china-clay  cement. 
Linseed  oil  and  red  lead  is  also  sometimes  employed,  but  it  is 
much  dearer  and  not  so  suitable. 

As  far  as  the  size  of  the  pipes  is  concerned,  a  15 -inch  pipe  will  do 
for  both  pan-  and  roaster-gas  of  a  blind  roaster  producing  40  tons 
per  week.  Some  factories  only  make  them  12  inches  wide;  but  16 
inches  is  preferable,  on  account  of  taking  the  gas  away  more  quickly. 
A  21-inch  pipe  is  sufficient  for  the  gas  of  two  pans  and  two  blind 
roasters.  The  single  pipes  are  made  as  long  as  practicable,  so  as  to 
have  fewer  joints.  It  need  hardly  be  said  that  the  pipes  must  be 
supported  in  such  away  as  to  enable  the  joints  to  be  made  good  all 
round,  and  that  the  sockets  of  the  pipes  should  be  at  the  highest 
point  if  there  is  any  fall. 

The  usual  material  of  the  pipes  conveying  hydrochloric  acid 
vapour  is  stoneware  or  fireclay.  It  is  not  easy  to  get  pipes  resist- 
ing both  the  changes  of  temperature  and  the  acid  gases.  This, 
however,  is  the  makers^  fault ;  for  good  pipes  can  be  made  with- 
out any  special  difficulty,  only  with  sufficient  care,  as  is  proved  by 
the  Tyne  Chemical  Works  at  Gateshead-on-Tyne  (formerly  Messrs. 
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Allhusen  and  Sons)^  who  make  their  own  pipes^  and  to  whom  their 
neighbours  readily  pay  twice  the  price  asked  by  ordinary  pipe- 
makers.  Their  pipes  are  made  of  fireclay  by  hand,  without  glazing, 
and  previously  to  use  are  boiled  in  tar  for  at  least  two  days.  Most 
other  pipes  are  machine-pressed.  They  are  always  best  left  un- 
glazed  and  boiled  in  tar,  because  they  then  resist  better  both  acids 
and  cracking  than  glazed  pipes,  which  cannot  be  boiled  in  tar;  but 
even  the  tar-boiled  pipes  frequently  crack.  In  Lancashire  some- 
times pipes  made  of  ordinary  stoneware,  ''sanitary''  pipes,  are 
employed.  The  Aussig  ware  has  been  mentioned  already.  The 
best,  but  dearest,  pipes  are  those  made  by  Messrs.  Doulton  and 
Watts,  of  Lambeth,  of  very  carefiiUy  prepared  stoneware.  They 
are  much  thinner  and  longer  than  ordinary  pipes  and  cool  the  gas 
verv  well ;  they  also  stand  very  well.  For  some  time  glass  pipes 
were  in  much  favour  in  many  Lancashire  works ;  their  introduction 
is  due  to  Mr.  Alfred  Fletcher.  Owing  to  their  thin  walls,  they  cool 
the  gas  very  well  indeed,  and  do  not  easily  crack,  especially  if  pro- 
tected from  rain  and  snow  by  a  shelter.  They  are  always  made  a 
little  tapering ;  and  the  thinner  end  of  one  is  put  into  the  thicker 
end  of  another.  They  can  only  leak  at  the  joints,  if  badly  ce- 
mented, like  all  pipes;  but  they  are  perfectly  air-tight  in  their 
body ;  whilst  earthenware  pipes  frequently  allow  the  gas  to  escape 
all  over,  or  even  liquid  to  ooze  out.  The  latter  occurs  with  Lan^ 
cashire  stoneware  pipes  much  more  than  with  porous  fireclay  pipes 
boiled  in  tar.  Glass  pipes  are  as  cheap  as  stoneware  pipes.  Their 
cooling  action,  in  a  string  of  300  feet  length,  was  found  to  reduce 
the  temperature  from  155^  C.  at  one  end  to  67°  C.  at  the  other  end, 
with  an  outer  temperature  of  7°.  If  a  fine  jet  of  water  is  allowed 
to  enter  at  the  hotter  end,  up  to  two  thirds  of  the  acid  condenses 
already  in  these  pipes.  They  are  not  only  employed  for  pan-gas, 
but  also  for  blind  roasters,  and,  if  properly  supported,  stand  better 
than  any  earthenware  pipes.  Quite  recently  glass  pipes  have  gone 
out  of  favour  again ;  the  reason  alleged  is  that  the  glass-works  no 
longer  supply  them  of  the  same  quality  as  before ;  they  have  been 
found  in  the  end  most  suitable  for  cooling  the  gas  in  Deacon's 
chlorine-process,  where  the  gas  within  them  is  under  less  pressure 
than  the  air  without. 

It  is  a  very  common  practice  to  employ  some  of  the  pipes  cut 
through  lengthways,  so  that  the  upper  half  can  be  taken  off;  of 
course^  for  use,  the  two  halves  are  cemented  together.     If  one  such 
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pipe  is  put  in  about  every  three  yards,  the  cleaning  of  the  series 
from  the  accumulating  deposit  is  much  facilitated. 

The  whole  series  of  pipes,  both  for  pan  and  roasters,  is  always 
arranged  in  such  a  manner  that  it  is  firet  taken  straight  up  to  a 
sufficient  height  for  getting  aflerwards  a  continuous  fall  towarda 
the  first  tank  or  receiyer,  or,  in  the  absence  of  these,  towards  the 
condenser  itself.  This  is  done  to  prevent  the  running  back  of  any 
condensed  acid. 

Erea  with  blind  roasters,  as  we  have  seen,  it  is  preferable  to 
employ  separate  pipes  for  pan  and  roaster;  for  open  roasters  this 
is  absolutely  necessary.  With  these  the  employment  of  earthen- 
ware pipes  immediately  behind  the  fiimace  is  not  advisable,  owing 
to  the  great  heat ;  either  brick  flues  or  cast-iron  pipes  are  preferred. 
Brick  flue)  are  sometimes  carried  underground,  but  not  at  all  ad- 
vantageously ;  for  although  with  the  hotter  open-roaster  gas  con- 
densation of  liquid  acid  and  destruction  of  the  flue  does  not  take 
place  as  readily  as  with  blind-roaster  gas,  yet  in  long  flues  this 
may  happen  after  all,  and  lai^e  quantities  of  acid  may  sink  into 
the  ground  before  it  is  perceived.  Moreover  those  undei^ronnd 
flues  do  not  fulfil  one  of  the  principal  functions  of  condensation, 
via,  good  cooling,  as  we  have  seen  above.  Better  service  is  afforded, 
but  only  for  the  vertically  ascending  part  of  the  gas-flne,  by  flues 
made  of  specially  moulded  fire-bricks,  as  shown  in  fig.  117.  They 
are  shaped  to  the  sweep  of  the  flue,  and 
provided  with  feather  and  groove ;  if  very  ^- 1^^- 

fine  tar-and-pipeclay  cement  be  put  into 
the  joints,  the  flue  will  be  very  tight  and 
stand  well  without  repairs. 

At  the  larger  English  works  latterly 
cast-iron  pipes  have  mostly  been  employed 
for  conveying  the  famace-gas  from  open 
roasters.     Of  their  cooling  action  we  have 

treated  on  p.  217.  They  may  be  employed  without  any  danger  of 
being  destroyed  by  acid  so  long  as  the  gases  are  hot ;  and  just  their 
excellent  cooling  action  is  their  greatest  recommendation.  But  as 
soon  as  the  current  of  gas  has  cooled  down  so  fiir  that  liquid  acid 
might  be  condensed,  say  to  100°  or  120°  C,  the  metal  pipes  must 
be  discontinued,  and  the  further  conveyance  of  the  gas  must  take 
place  through  earthenware  pipes.  With  the  assistance  of  metid 
pipes,  stone  tanks  may  be  employed  even  for  open^roaster  gas. 
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which  otherwise  would  crack  them  too  easily.  The  actual  length 
for  which  metal  pipes  may  be  employed  without  danger  of  too 
much  cooling  and  subsequent  corrosion  depends  entirely  upon  the 
style  of  work  in  the  furnace.  The  more  salt  is  decomposed  in  a 
certain  time,  the  longer  the  current  of  gas  will  remain  hot  enough 
for  metal  pipes.  Usually  60  to  100  feet  of  metal  piping  form  the 
limit  which  must  not  be  exceeded ;  but  occasionally  the  length  may 
reach  300  feet. 

The  metal  pipes  are  usually  cast  in  lengths  of  9  feet,  and  2  feet 
to  2^  feet  wide ;  they  need  not  be  above  1  inch  thick.  They  are 
either  cast  with  a  socket  at  one  end,  into  which  the  other  end  fits, 
or  with  straight  ends,  over  which  a  loose  ferrule  is  slid  and  cemented 
on  both  sides  with  tar  and  china-clay.  If  the  pipes  have  to  be 
cleaned  out,  the  cement  is  softened  by  heating,  the  ferrules  are  slid 
sideways,  and  the  pipe  is  lifted  by  means  of  a  winch,  so  that  both 
itself  and  its  neighbours  become  accessible  inside. 

There  is  always  some  deposit  formed  in  the  iron  pipes ;  but  the 
amount  varies  much :  it  is  sometimes  so  great  that  they  have  to  be 
cleaned  out  once  a  week,  sometimes  so  little  that  cleaning  them 
out  once  a  year  is  sufl&cient.  The  following  analyses  (from  the 
Alkali- Act  Reports)  show  that  this  deposit  consists  of  sulphate 
carried  along  by  the  gas,  together  with  the  products  of  the  action 
of  sulphuric  acid  upon  the  iron,  this  acid  being  precipitated  in  a 
liquid  form  long  before  the  HCl. 

Ferric  oxide 19866  26946  6-400  19-483  27-407 

Alumina  3171  4614  3  545  3*905  4-689 

Lime 0-371  0486  2110  1383  0482 

Magnesia 0414  0298  0751  0708  0281 

Soda 11-311  2-808  24093  12653  6  003 

Silica    6-049  3*309  13*020  3292  4166 

Sulphuric  acid  (SO3)  ...  53212  48-077  48*695  54*286  26*220 

Chlorine  2141  2034  0092  2*278  2040^ 

FltLes  made  of  stone  flags  are  also  employed  for  roaster-gas ;  the 
stone  should  not  only  be  able  to  resist  the  acids,  but  also  the  changes 
of  temperature.  It  is  a  very  good  arrangement  to  give  the  flue  a 
little  rise  towards  the  coke-tower,  and  to  allow  the  acid  of  the  latter 
to  flow  down  the  bottom  of  the  flue ;  this  unites  all  the  advantages 
of  acid-tanks  with  thorough  cooling.  At  the  other  end  of  the  flue 
the  acid  is  got  as  strong  as  pan-acid,  but,  of  course,  less  pure.  The 
sketch,  fig.  118,  will  make  this  clearer.  The  upper  arrows  show 
the  path  of  the  gas,  the  lower  arrows  that  of  the  liquid. 


CONDENSATION  OP  HTDROCHLOBIC  ACID.  225 


226  SUI^^HATE  OF  SODA  AND  HYOROGHLORIC  ACID. 

Circular  flues^  made  of  two  semicylindrically  hollowed  blocks  of 
stone^  are  used  at  some  German  works  with  great  success. 

If  (from  local  causes)  the  condensers  are  considerably  less  than 
100  feet  away  from  the  furnaces,  the  necessary  length  of  pipes  for 
cooling  is  managed  in  this  way :  they  are  first  carried  a  little  down- 
wards so  as  to  prevent  condensed  acid  from  running  back  into  the 
pan;  then  they  are  carried  upwards  for,  say,  50  feet,  and  dow»  again^ 
arid  ultimately  into  the  condenser.  In  the  lower  elbow  there  must 
be  a  hydraulic  lute  for  the  condensed  acid,  which  is  very  impure. 
This  arrangement  is  met  with  both  for  pan-  and  roaster-gas,  with 
earthenware,  iron,  stone,  or  brick  flues.  It  is  also  employed  for 
Newall  and  Bowman's  water-spray  process  (see  p.  203),  On-  the 
largest  scale  this  multiplication  of  cooling-surface  is  found  em- 
ployed for  the  very  hot  gas  from  Hargreaves's  sulphate  process, 
where  the  pipes  are  not  only  carried  a  great  length,  but  are  also 
multiplied  by  admitting  the  gas  into  a  long  trough,  fyom  which 
a  number  of  parallel  strings  of  pipes  convey  it  into  another,  similar 
trough,  conmiunicating  with  the  condensers.  Even  ftxr  ordinary 
sulphate-gas  such  an  arrangement  is  met  with  here  and  there. 

Sometimes,  but  rarely,  the  gas-pipes  have  been  placed  in  cold- 
water  troughs ;  in  such  a  trough  of  24  feet  length  the  gas  was 
cooled  from  250°  to  180°  C.  This  takes  much  watei',  and  cannot 
compete  with  air-cooling  in  cheapness. 

As  far  as  the  coke-towers  themselves  are  conceited,  the  first 
thing  to  be  considered  is  ^inQ  foundation.  This  can  hardly  be  con- 
structed too  carefully — not  merely  because  the  weight  of  the  tower, 
-  with  its  packing  and  the  water-dstem,  is  very  considerable,  but 
also  because  the  running-^over  of  acid,  which  canuet  possibly  be 
absolutely  and  at  all  times  prevented,  tends  to  make  the  ground 
all  round  and  the  material  of  the  foundation  itself  roilten,  especially 
the  mortar.  Unless  it  is  possible  to  go  down  to  the  rock,  a  firm 
building-ground  must  be  procured  by  piling,  just  in  the  same  way 
as  for  a  very  high  factory-chimney.  On  the  bottom  of  the  founda- 
tion-pit first  a  layer  of  asphalt  is  laid,  either  the  same  kind  as  is 
used  for  street-pavements  or  a  mixture  of  boiled-down  coal-tar  and 
sand.  Upon  this  the  foundation  proper  is  erected,  either  of  quar- 
ried rubble  stones,  or,  preferably,  of  hewn  freestone.  Either  stone 
must  be  free  from  limestone  or  any  other  mineral  soluble  in  hydro- 
chloric acid.  Most  suitable  is  sandstone  with  siliceous  cement. 
When  freestone  is  used,  it  is  not  necessary  to  build  the  foundation 
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as  a  solid  blocks  but  merely  three  strong  pillars^  especially  that 
part  of  it  which  projects  out  of  the  ground^  and  which  must  be 
carried  high  enough  for  the  acid  to  have  a  natural  fall  to  the  tanks 
and  thence  to  the  chlorine-stills.  Supposing  the  latter  to  be 
Weldon  stiUs  (i.  e.  about  12  feet  high  all  over)  and  the  building- 
ground  to  be  quite  levels  the  height  of  the  foundation  from  the 
ground  to  the  condenser-bottom  wiU  be  at  least  18  feet ;  20  feet 
will  be  better. 

The  mortar^  even  for  the  foundation^  ought  not  to  be  either  lime 
or  Portland  cement^  but  tar  and  sand.  At  the  ground-level  another 
layer  of  asphalt  is  laid  down,  which  slopes  away  from  the  centre  in 
all  directions,  so  that  no  acid  can  lodge  in  any  one  place ;  a  gutter 
is  provided  for  taking  away  any  acid  running  over,  as  well  as  the 
rain-water. 

Upon  the  foundation  is  placed  the  timber  frame  which  has  to 
support  the  stone  erection  of,  and  on  its  top  to  carry  the  water- 
cistem  for  feeding,  the  tower.  This  frame  is  often  employed  during 
the  building  as  a  scaffold  for  hoisting  up  the  stones. 

The  construction  of  frame  usual  on  the  Tyne  is  seen  in  fig.  114 
(p.  218) .  It  is  bound  together  at  the  foot  by  metal  comer-brackets 
and  screw-bolts.  The  uprights  should  be  at  least  9x9  inches  thick ; 
the  diagonal  stays  may  be  weaker.  When  the  frame  has  been 
erected,  railway-plates  are  laid  upon  two  opposite  crown-trees,  and 
bent  up  a  little  at  each  end.  On  these  runs  a  bogie,  carrying  rails 
at  right  angles  to  the  first ;  and  on  these  is  put  a  second  bogie, 
carrying  a  winch ;  so  that  the  latter  can  be  run  on  any  given  place 
within  the  frame  most  easily  and  quickly.  This  travelling  crane 
requires  four  men  to  work  at  the  winch. 

The  bottom  stone,  which  is  at  least  12  inches  thick  and  very  heavy, 
is  best  put  onto  the  foundation  before  the  frame  is  erected ;  for  this 
the  crane  is  not  required,  as  it  can  be  hoisted  by  -pig.  119. 

screw-jacks.  They  are  often  dished  towards  the 
side  where  the  acid  is  to  run  away ;  or  a  hole  is 
drilled  in  for  the  same  purpose.  The  remaining 
upright  stones  are  provided  with  two  shallow  re- 
cesses near  their  upper  edge;  in  these  a  cramp, 
attached  to  the  winch-chain,  gets  a  hold.  In 
fig.  119  it  can  be  seen  how  one  arm  of  the  cramp 
enters  into  a  square  hole  in  one  side  of  the  stone, 
whilst  the  other  side  is  pressed  against  by  a  screw  passing  through 

q2 
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the  other  arm  and  by  wood  wedges.  Thus  the  four  stones  belonging 
to  each  course  are  hoisted  one  by  one  by  means  of  the  crane^  let 
down  into  their  places^  and  provisionally  fixed  by  iron  and  wooden 
stays^  till  the  whole  course  has  been  completely  bound  and  the 
joints  made  good ;  then  the  next  course  is  put  on^  and  so  forth  up 
to  the  top ;  the  cover  stone  is  as  yet  left  ofi*^  till  the  packing  has 
been  finished. 

The  courses  are  built  just  like  those  of  the  stone  tanks  described 
on  p.  197  et  seqq.y  and  may  be  constructed  according  to  either  of 
the  two  systems  mentioned.  Here,  however,  the  horizontal  joints 
between  each  two  courses  make  the  matter  a  little  more  compli- 
cated. For  the  first  system,  that  of  bevelled  comer  edges,  an 
india-rubber  ring  of  1  inch  thickness  is  required  for  the  bottom, 
and  ^-inch  or  f -inch  india-rubber  cords  for  the  upright  comer- 
joints.  These  are  fastened  in  the  four  comers  of  the  bottom-ring 
after  adapting  this  to  its  groove  (p.  198),  and  are  stretched  per- 
pendicularly up  to  the  crown-tree  j  on  letting  down  the  stones  care 
is  taken  that  the  cords  get  into  their  proper  grooves.  The  hori- 
zontal joints  are  made  good  by  strips  of  flannel  soaked  for  twenty- 
four  hours  in  a  mixture  of  boiled  linseed-oil,  red  lead  (two  parts) , 
and  finely  ground  sulphate  of  barytes  (three  parts) .  The  latter  is 
added  to  retard  the  hardening  of  the  cement.  For  post  condensers, 
only  the  bottom  course  below  the  grating  need  have  india-rubber 
cord  for  the  comer-joints ;  in  the  rest  of  the  courses  all  the  joints 
can  be  made  good  by  soaked  flannel  strips.  The  upper  and  lower 
edges  of  all  the  stones  must  have  a  slight  slope  inwards,  say  1  inch, 
as  seen  in  fig.  120;  in  this  way  no  acid  can  run  out.  All  the  edges 
of  the  stones  must  be  well  cleaned  by  means  of  a  brush,  as  any 
small  pebbles  or  rough  sand  would  spoil  the  joint  and  do  great 
harm.  The  necessary  binding  by  means  of  comer-brackets  and 
screw-bolts  is  very  troublesome,  as  each  single  part  must  be  sup- 
ported until  the  last  nut  has  been  screwed  home.  Along  with  the 
tower  a  light  wooden  scaffold  must  rise  up  inside,  upon  which  the 
men  may  stand. 

With  the  second  system  the  erection  is  easier,  because  the  stones 
grasp  one  another,  and  especially  the  binding  can  be  done  without 
any  trouble  whatever.  This  advantage  is  even  more  important 
here  than  for  acid-tanks  and  chlorine-stiUs.  On  the  other  hand, 
the  making  good  the  joints  (the  horizontal  ones  especially)  is  less 
easy  and  reliable,  because  the  least  carelessness  of  the  man  stem- 
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ming  in  the  "black  stuff"  does  great  mischieE.  For  this  reason 
the  following  very  cheap  and  more  reliable  way  of  making  the 
joints  is  sometimes  employed.  A  V-shaped  groove  is  worked  all 
round  the  edges  of  each  stone — similarly  as  in  figs.  107  and  108 
(p.  200],  if  the  upper  and  lower  edges  are  made  alike,  except  the 
slight  inward  bevel  given  to  the  horizontal  edges.  The 
side  elevation,  fig.  120,  will  make  this  quite  clear.  In  this  Fig-  ^20. 
way  a  lozenge-^ped  channel  is  fonned  wherever  two 
stones  touch.  As  soon  as  a  course  is  finished,  melted 
sulphur  is  poured  into  all  the  upper  openings  of  the 
channels;  it  naturally  also  runs  into  the  horizontal 
channels,  and  afFords  perfect  security  against  any  leak- 
age of  acid  or  gas.  The  stones,  as  in  joining  them  by 
tar-and-fireclay  cement,  must  be  perfectly  dry  ;  if  need- 
ful they  are  dried  and  gently  warmed  by  means  o£  a 
fire  of  shavings.  Of  course  the  sulphur  would  melt 
if  the  gas  entered  the  tower  much  above  112°  C;  but 
that  ought  never  to  happen.  A  tower  built  in  this  way  should 
not  be  exposed  to  much  shaking. 

Formerly  sometimes  the  horizontal  edges  were  made  to  lap  over 
(see  fig.  121),  leaving  a  space  for  putting  in  the  tar  and  fireclay 
cement ;  but  the  system  just  described  is  preferable. 

Pig.  121.  Fig.  122. 


The  four  stones  forming  each  course  are  not  all  made  of  the 
same  height,  but  the  sides  of  the  first  course  are  made  a  foot  higher 
than  the  ends.  In  the  next  course  the  stones  are  made  of  equal 
height,  but  at  unequal  levels,  as  shown  in  the  sketch,  fig.  122,  and 
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also  in  fig.  114.  Thus  a  much  better  bond  is  obtained  than  with 
joiDts  running  all  round.  This  does  not  afiect  the  sulphur-joints, 
nor  the  cutting  of  the  stones,  as  will  easily  be  perceived.  But 
care  has  to  be  taken  to  place  the  iron  binders  always  in  the  best 
way  for  making  the  bond  a  strong  one. 

formerly  the  courses  were  made  of  equal  height,  but  the  sides 
and  ends  were  chauged  alternately  from  course  to  course. 

In  order  to  equalize  the  pressure  of  the  screw-bolts  upon  the 
condenser- sides,  6-inch  timbers  are  carried  op  the  whole  height  of 
the  tower ;  sometimes  these  are  made  stronger,  so  as  to  carry  the 
water-cistern.  These  timbers  are  not  shown  in  fig.  114,  in  order 
not  to  make  it  too  complicated ;  they  are  pat  along  the  four  cor- 

Fig.  123. 


ners,  so  that  all  the  sciew-bolts  pass  through  them,  as  seen  on  the 
plan,  fig.  123. 

The  stones  near  the  bottom  should  be  5  to  7  inches  thick,  higher 
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Qp  on]^  4^  inches,  if  very  good  sandstoiies  are  available.  They  are 
frequently  made  thicker,  especially  if  the  stone  is  rather  soft. 

The  iron  parts  of  the  condenserB  must,  of  course,  be  well  tarred ; 
and  this  must  be  repeated  from  time  to  time.  In  spite  of  this, 
hraciDg-rods  &g.  are  frequently  corroded  and  spoilt  by  acid  oozing 
out  or  even  by  rain-water  absorbing  some  acid  when  dropping 
upon  them.  This  is  eapecialiy  dangerous  in  the  bevelled-comer 
system;  fer  here  the  corrosion  of  a  single  screw-bolt  means  the 
destruction  of  the  whole  binding  all  round ;  and  if  by  chance  both 
the  bindings  belonging  to  a  course  were  similarly  spoilt,  this  course, 
and  with  it  the  whole  superjacent  portion  of  the  tower,  would 
coUapae  like  a  house  of  cards.  In  the  second  system,  of  grooved 
joints,  this  danger  is  nothing  like  so  great ;  but  here  also  the  cor- 
rosion of  the  rods  is  a  serious  evil.  Sometimes,  therefore,  all  rods, 
after  being  well  tarred,  are  further  protected  by  india-rubber  pipes, 
or  more  cheaply  by  earthenware  pipes  put  on  in  building,  before 
the  rod  has  been  pulled  through  the  hole  of  the  second  stone. 

Now  and  then  towers  are  met  with  altogether  dbpensing  with 

Kg.  124. 
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iron  biaders.  la  each  course  two  opposite  stooea  project  above 
the  next  lower  courae,  and  take  hold  of  it  by  receasea  fittiog  onto 
two  stonea  at  right  anglea  to  themaelvea,  ao  that  the  whole  is  well 
kept  together;  fig.  124  will  make  thia  clearer.  Whatever  ia  saved 
.  here  in  iron,  is  more  than  counterbalanced  by  the  extra  cost  of 
atones  and  labonr;  but  there  is  absolutely  no  need  for  repairs, 
and  auch  a  tower  should,  as  it  were,  last  for  ever. 

In  many  casea  (formerly  much  more  frequently  than  now)  brick 
condensers  are  employed — in  well-managed  factoriea  very  rarely 
for  strong  acid,  mostly  only  for  weak  acid  or  aa  fiushing-towers 
(post  condensers) .  They  are  mostly  cheaper  than  stone  towers — 
for  instance,  on  the  l^ne,  where  fire-bricks  are  very  cheap ;  but 
they  very  rarely  answer  all  fair  expectations,  and  the  author  has 
been  told  by  one  of  our  most  experienced  alkali-makers  that,  after 
trying  for  many  years,  he  gave  up  endeavouring  to  make  his  brick 
condensers  as  tight  as  stone  condensera.  Whoever  prefers  to  a 
saving  in  prime  cost  lasting  and  satisfactory  work,  and  exemption 
from  the  trouble  of  frequent  repairs,  will  build  his  condensers  of 
atone  flags. 

For  brick  towers  fire-bricks  are  moatly  employed,  because  these 
reaist  acids  better  than  common  bricks ;  in  Lancashire  the  blue 
Welsh  bricks  are  commonly  used  for  this  purpose.  They  are  aet 
in  tar  and  fireclay,  with  very  thin  joints.  Sometimes  there  is  an 
inner  wall  and  an  outer  jacket,  separated  by  a  layer  of  asphalt ; 
more  frequently  the  walls  are  solid.  Some 
Fig.  125,  works  employ  specially  moulded  bricks,  hav- 

ing a  slope  of  1  inch  in  their  length  of  9 
inches.     Then  the  brickwork  looks,  in  ver- 
tical section,  like  fig.  125 ;  inaide  there  are 
the  sloping  bricks,  outside  4^  inches  of  plain 
bricks.     At  the  bottom  a  whole  brick  would 
be  taken  for  the  outside.     The  object  of  the 
slope  is  aelf -evident ;   but  such  towers  are 
said  not  to  have  any  great  advantage  over 
those  built  of  plain  bricks.     In  the  latter  case  the  walls  on  the 
Tyne  are  made  18  inches  thick  up  to  a  height  of  10  feet,  and  15 
inches  for  the  remainder.    Three  courses  of  bricks  are  laid  as  run- 
ners, and  the  fourth  as  binders  (at  right  angles  to  the  thickness 
of  the  wall) .    For  greater  stability,  and  also  for  carrying  the  water- 
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cistern,  there  are  upright  12-LDch  beams 
placed  in  the   comers,  cut  out  as   in  ^- 13% 

fig.  126,  BO  aa  to  take  hold  of  brickwork. 
Every  5  feet  of  height,  comer-brackets 
and  binding-roda  are  provided.  A  simi- 
lar kind  of  binding  can  also  be  em- 
ployed for  stone  towers  in  lieu  of  the 
frame  shown  in  fig.  114.  The  bottom 
of  the  tower  is  always  formed  by  a  single 
stone.  The  condenser  is  several  times 
painted  with  tar  all  over  inside  and 
outside. 

Kopp  mentions  that  condemers  might  be  built  of  common  bricks 
soaked  in  hot  tar,  and  immediately  after  walled  quite  hot.  The 
weight  of  the  bricks  sets  them  firmly  in  the  thickened  tar,  which, 
after  cooling,  solidifies  and  serves  as  mortar.  If  bricks  previously 
tarred  are  employed,  the  faces  to  be  joined  should  be  heated  and, 
immediately  before  walling,  dry  sand  dusted  upon  them.  This  is 
necessary  both  as  a  protection  against  acid  and  against  their  sliding 
upon  one  another  when  the  heat  gets  up.  Whether  this  style  has 
been  foond  suitable  in  practice,  the  author  has  not  been  able  to 
learn. 

In  many  works  the  post  condensers  are  not  made  as  high  aa  the 
strong-acid  condensers,  but  much  broader,  in  an  oblong  shape, 
with  two  or  three  partitions,  alternately  open  at  top  and  bottom, 
so  that  the  gas  has  to  travel  up  and  down.  This  is  like  three  or 
four  adjoining  towers;  it  is  not  so  usual  with  stone  condensers  as 
with  brick  towers. 

The  construction  of  the  grating  or  dome  upon  which  the  packing 
rests  is  the  same  for  all  kinds  of  condensers.  This  grating  is  either 
a  pigeon-holed  arch,  made  of  the  best  fire-bricks,  or  it  is  made 
according  to  fig.  127  (and  above,  fig.  123) . 

Three  stone  fiags  are  placed  edgeways  on  the  bottom  stone; 
they  prciject  above  the  entrance-pipe  for  the  gas  {say  3  feet  above 
the  bottom),  and  are  parallel  with  the  gaa-pipe;  the  middle  flag  is 
cut  out  in  firont,  so  that  the  gas  is  equally  spread.  The  plan, 
fig.  123,  along  with  the  section,  fig.  127,  shows  this  clearly. 
These  flags,  about  4  inches  thick,  carry  other  stones  serving  as 
grate-bars,  12  inches  broad,  4  to  6  inches  thick,  and  2^  inches 
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apart.  In  the  case  of  very  higli  towers,  a  second,  sometimes  even 
a  thirds  grating  or  dome  is  built-in  higher  up,  so  as  to  leseea  the 
pressure  of  tlie  packing  upon  the  lower  parts. 

If  the  dome  has  to  be  arched,  first  two  dry  9-inch  fire-brick 
walls  are  carried  up  3  feet  along  the  two  aides  of  the  tower  at 
right  angles  to  the  gas-pipe ;  upon  these  a  numher  of  9-inch  archea 
are  sprung  in  a  semicircle  from  one  side  of  the  tower  to  the  other, 
so  as  to  throw  the  pressure  downwards  and  keep  it  off  the  sides. 
These  arches  are  half  a  brick  wide  and  distant  from  each  other  by 
the  same  width  {4i  inches) ;  they  are  connected  by  special  binding- 
bricks,  which  pass  from  one  arch  to  the  other,  a  distance  of  12 
inches  froia  centre  to  centre  (measured  on  the  top  of  the  arch), 
and  form  a  continuous  course;  thus  pigeon-holes  are  formed  in 
the  dome.  The  closers  are,  in  the  centre,  9  inches  wide,  in  order 
to  reach  from  centre  to  centre  of  two  arches ;  the  end  closers 
mnat  be  13  inches  wide;  they  must  be  9  inches  high ;  and  their 
other  dimension  is  3^  inches  at  the  top  and  1^  inch  at  the  bot- 
tom. The  spandrels  are  walled  up  level  with  the  crown  of  the 
arches  so  as  to  form  a  plane ;  and  the  whole  is  bound  together  by 
a  wall  of  15  inches  height  and  4^  thick,  running  round  all  the 
four  sides. 

The  coke  employed  for  packing  should  be  of  the  best  and  hardest 
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quality  of  oven-coke ;  gas-coke  is  of  no  use  whatever  here^  because 
it  is  too  soft  and  would  soon  be  disintegrated.  Immediately  above 
the  grating  the  largest  and  longest  pieces  are  placed^  and  that 
regularly  in  parallel  courses^  the  first  crossing  the  grate-bars^  the 
second  at  right  angles  with  the  first,  and  so  on.  For  each  following 
course  smaller  pieces  are  taken,  ultimately  about  5  to  6  inches  by 

2  inches,  always  mixing  a  few  large  pieces  with  them.  Since  the 
subsequent  action  of  the  condenser  essentially  depends  upon  the 
equal  division  of  water  and  gas  in  it,  too  much  care  cannot  be 
spent  on  selecting  and  arranging  the  packing ;  it  ought  only  to 
be  left  to  a  thoroughly  trustworthy  man.  When  one  third  of  the 
condenser  has  been  packed  in  this  regular  way,  the  remaining  two 
thirds  may  be  simply  filled  by  tipping-in  pieces  of  coke,  separated 
from  all  smalls  by  a  riddle  with  2-inch  meshes.  The  coke  is 
filled  in  up  to  the  lower  side  of  the  gas  exit-pipe;  after  some  time 
the  packing  settles  down  a  few  inches. 

At  first  the  coke  yields  up  a  little  iron  and  organic  substance 
to  the  acid;  afterwards  this  ceases.  After  some  years  the  coke- 
packing  must  be  renewed,  notice  of  which  is  given  by  the  draught 
getting  bad. 

In  lieu  of  coke,  special  fireclay  blocks,  perforated  with  many 
holes,  are  sometimes  used ;  also  thin  earthenware  pipes,  or  pieces 
moulded  in  the  shape  of  flower-pots  with  perforated  bottoms  and 
sides.  The  latter  kind  of  packing  is  very  efficient,  if  properly 
carried  out,  but  is  rarely  employed  on  accoimt  of  its  expense,  ex- 
cept in  Schaffher's  small  condensers  (see  below). 

Now  the  cover  is  put  on.    It  consists  of  one  or  two  stone  flags, 

3  inches  thick,  in  which  a  number  of  holes  (say  sixty-four  for  the 
large  condenser  and  nine  for  the  post  condenser)  are  made, 
tapering  below  and  serving  for  the  water-lutes,  figs.  128  and  130; 
the  joints  are  made  good  with  red  lead.  Fig.  129  shows  this. 
The  water-lutes  consist  of  two  parts — a  cup  with  a  ^-inch  short 
open  tube  in  the  centre,  and  a  loose  cover  over  this.  The  whole 
top  is  surrounded  by  a  stone  edge  8  to  12  inches  high,  and  the 
wooden  oscillating  bucket  (see  fig.  129)  fixed  upon  it.  When  this 
has  poured  its  contents  over  one  half  of  the  lutes,  they  will  be 
filled  with  water;  but  all  of  this  that  stands  above  the  small  central 
tube  runs  off  directly;  the  nicks  of  the  small  covers  allow  the 
water  to  run  in  without  letting  out  any  gas,  as  there  is  still  a 
shallow  water-lute  left.     This  periodical  running  over  serves  best 
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for  drenching  the  coke  equally.  As  soon  as  the  other  half  of  the 
oscillating  trough  is  filled,  it  turns  over  again  and  drenches  the 
other  half  of  the  lutes. 

This  arrangement  of  oscillating  trough  and  water-lutes  is  very 
much  to  be  recommended,  much  more  than  simple  holes  in  the 
top  covers,  which  easily  allow  gas  to  get  out.  A  simpler  plan  is 
this — putting  in  the  hole  a  short  hit  of  rope  with  a  knot  at  the 
upper  end.  Sometimes  the  water  is  run  into  the  condenser  by  a 
single  swan-necked  pipe,  onto  a  splashing-plate  2  or  3  feet  below ; 
hut  this  does  not  act  any  thing  tike  ho  perfectly  as  the  arrange- 
ment described  above. 

When  the  covers  have  been  hoisted  up,  the  winch  is  taken  to 
pieces  and  let  down,  and  the  previously  fitted  planks  forming  the 
water-cistern  are  pulled  up  by  means  of  a  pulley.  The  planks  are 
of  3-inch  pitch-pine,  with  planed  edges ;  red  lead  is  put  upon  these 
before  joining  them ;  and  9II  the  joints  are  ultimately  well  caulked 
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witli  red  lead  and  oakum.  The  bottom-plankB,  which  rest  upon  the 
crown-trees  of  the  frame  by  means  of  7  x  S-inch  joists,  are  forced 
together  by  wedges,  just  as  in  laying  the  floor  of  a  room.  The 
lide-planks  are  bound  to  each  other  and  to  the  bottom-planks  by 
a  number  of  screw-bolts  whose  heads  are  visible  in  %.  1 14.  Hori- 
lontally  two  sides  fit  into  corresponding  grooves  of  the  ends,  exactly 
u  m  the  stone  construction,  fig.  128  (p.  230) ;  and  they  are  held 
together  by  screw-bolts  exacUy  in  the  same  way.  In  lieu  of  these 
(Mtems,  there  are  also  found  ordinary  boxes  lined  with  lead ;  irou 
cisterns  cannot  be  uaed  in  this  case. 

In  the  bottom  of  the  water-cistern  there  are  two  1-inch  water- 
pipes  with  cocks  y  y,  ending  over  the  centre  of  the  oscillating 
trough,  as  sketched  in  figs.  114  and  128.  These  pipes  project  about 
6  mohes  inside  the  cistern,  and  are  provided  with  a  perforated  cap 
for  keeping  off  mud  Sec.  The  cistern  is  fed  from  time  to  time  from 
>  2-inch  pipe,  usually  by  a  separate  small  pnraping-engine. 

All  Ae  woodwork,  iron,  and  stoue  is  covered  with  a  double  coat 
ottar  or,  still  better,  tar-vamish,  to  be  renewed  twice  a  year. 

The  condensed  strong  acid  runs  off  through  a  IJ-inch  earthen- 
*»re  cock  just  above  the  bottom  of  the  condenser,  and  is  carried 
to  the  stock-cisterns  kk  (fig.  114),  which  should  hold  twenty- 
fonr  hours'  make.  The  weak  acid  from  the  post  condenser  is  either 
nm  away,  or  used  for  some  special  purpose,  or  run  into  the  cooling- 
tanks  in  order  to  be  got  up  to  strength.  Sometimes  it  is  pumped 
back  for  use  in  the  strong-acid  condensers,  as  we  shall  see  below. 

The  connexion  between  the  tower  and  the  tanks  may  also  be 
made  in  the  way  shown  in  fig.  131  (from  Schrader,  Dingl.  Joum. 
cl«.  p.  183). 

Tig.  181. 
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A  is  the  foundation^  B  the  lower  part  of  the  tower ;  r  r,  the 
grates ;  C^  space  for  the  gas  and  the  liquid  acid^  which  runs  off 
through  t  into  the  tank  D ;  6^  a  glass  or  earthenware  overflow  from 
D  into  E.  The  acid  vapours  of  course  take  the  opposite  direction 
— from  E  through  a  into  D,  and  through  a'  into  C. 

Figures  132  and  133  give  an  example  of  coke-towers  of  a  large 
works ;  they  represent  the  pan-condensers  at  the  Tyne  Cheniical 
Works^  Gateshead,  from  the  first  Report  on  the  Alkali  Act.  The 
section,  fig.  132,  shows  only  one  condenser;  but  for  the  sake  of 
greater  stability  six,  for  as  many  pans,  are  built  together,  in  two 
rows  of  three  each,  as  shown  in  the  elevation,  fig.  133.  In  fig.  132 
a  is  the  decomposing-pan,  working  up  10^  cwt.  per  hour,  or  about 
12  tons  16  cwt.  in  twenty-four  hours;  b  is  the  string  of  fireclay 
pipes ;  dd  ia  the  coke-tower  itself,  5x5  feet  wide  inside.  The 
height  of  the  base  is  5^  feet;  that  of  the  stone  condenser  itself, 
100  feet;  that  of  the  water-cistern  house,  15  feet;  and  the  pipe  k 
for  the  escaping  gas  projects  3  feet  above  the  roof  of  this  house. 
The  column  of  coke  is  divided  into  three  parts  by  the  brick  arches 
€  e,  to  prevent  the  lower  strata  from  being  crushed  by  the  weight 
of  the  upper  ones :  for  towers  of  less  height  these  arches  are  not 
required,  t  is  the  exit  for  the  non-condensed  gases  through  the 
pipe  A: ;  /,  a  water-cistern ;  n,  the  oscillating  trough ;  o  o,  a  stage 
on  the  roof  of  the  cistern-house  for  getting  to  the  pipe  k. 

In  fig.  133,  ABC  are  three  of  the  condensers,  D  the  foundation 
with  the  concrete  basement  E,  resting  upon  the  piles  F ;  aa  the 
mouths  of  the  gas  entrance-pipes,  b  b  the  stays  of  the  timber 
frame,  c  c  the  stairs,  G  G  the  cistern-house,  e  e  the  escape-pipes 
for  the  gas. 

For  smaller  works,  undoubtedly,  the  best  kind  of  condensers  are 
those  constructed  of  large  earthenware  p^^es,  combined  with  re- 
ceivers or  stone  tanks.  The  pipes  are  either  made  of  the  same 
stoneware  as  the  best  receivers,  or  of  fireclay,  and  in  tbe  latter  case 
boiled  in  tar.  Their  joints  are  made  with  tar  and  china-clay ;  the 
bottom  pipe  stands  either  on  a  stone  cistem  ov  on  a  solid  stone 
plate  in  which  a  groove  for  that  pipe  has  been  eut.  This  groove  is 
gently  haated  by  a  fir«  of  shavings  i  the  pipe  is  put  on,  leaving 
below  it  a  space  of  about  ^  inehj  smaJU  bits  of  slate  having  been  put 
in ;  the  joint  is  filled  with  melted  a»p)ia)t ;  the  cement  is  pressed  in 
smoothly  by  means  of  a  hot  flat-iron  ;  and,  last,  for  greater  safety, 
it  is  walled  round  with  a  ring  of  firebricks  set  in  tar.     In  order 
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not  to  allow  any  acid  whatever  to  get  to  the  joint,  it  is  best  to  dish 
the  bottom  stone,  and  to  drill  from  the  lowest  point  in  a  downwards 
danting  direction ;  into  the  hole  thus  formed  an  earthenware  pipe 
for  the  liquid  acid  is  introduced.  The  remaining  large  earthenware 
pipes  are  easily  put  on ;  and  the  joints  are  all  made  with  tar  and 
china-day.  Each  third  or  fourth  pipe  should  be  supported  from 
the  timber  frame  by  means  of  beams  placed  underneath  its  socket ; 
thus  the  bottom  pipes  need  not  support  the  weight  of  the  whole 
column. 

Since  a  single  pipe  tower,  eyen  of  the  largest  practicable  diameter 
(say  8  feet),  is  unable  to  condense  the  gas  from  a  pan  working  on 
thelai^e  scale,  several  such  towers  should  be  combined  and  the  gas 
divided  among  them  by  branch  pipes.  This  is  done  in  the  simplest 
way  by  conveying  the  gas  first  into  a  long  stone  tank,  placed  in 
froat  of  the  condensers,  from  which  as  many  branches  depart  as 
there  are  pipe  towers ;  the  same  trough  serves  for  collecting  the 
add  and  getting  up  its  strength.  Or  special  earthenware  vessels 
for  dividing  the  gas  may  be  provided. 

Earthenware  condensers  are  excellently  adapted  for  the  gas  from 
pans  and  from  blind  roasters ;  so  far  the  risk  has  not  been  run  of 
employing  them  for  open  roasters,  since  the  pipes  are  subject  to 
cracking  by  too  much  heat.  If  this  happens,  one  or  two  iron 
hoops  are  laid  round  the  cracked  pipe,  consisting  of  two  halves 
joined  by  screw-bolts.  As  these  would  soon  be  eaten  through  by 
add  oozing  out,  they  are  lapped  round  with  tarred  spun  yam  and 
the  whole  thickly  coated  with  tar;  moreover  they  are  kept  oflf  the 
leaking  place  by  wooden  wedges. 

According  to  flie  author's  own  experience  such  towers  need  only 
have  two  thirds  the  area  of  stone  condensers — ^no  doubt  partly  on 
account  of  the  much  better  cooling  arising  from  the  thinner  walls 
and  the  greatly  increased  surface,  and  partly  on  account  of  the 
better  division  of  the  water  on  the  much  smaller  area  of  each  single 

pipe. 

Sometimes,  instead  of  earthenware  coke-towers,  apparatus  similar 
to  what  we  have  shown,  Vol.  I.  p.  378,  fig.  160,  for  absorbing  the 
nitrous  gas  in  the  manufacture  of  sulphuric  acid,  are  employed. 
There  are  in  this  case  within  a  column  of  earthenware  pipes  shelves 
of  the  same  material  fixed,  so  that  the  water  supplied  at  the  top  runs 
down  very  slowly,  whilst  the  gaseous  current  ascends  in  serpentine 
windings.    But  this  does  not  aflford  any  thing  like  so  good  a  contact 
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between  gas  and  water  as  coke-towers^  and  the  advantage  claimed 
for  this  system,  that  the  draught  is  less  impeded  by  it  than  by 
coke-towers,  is  rather  to  be  considered  a  faolt  (comp.  p.  215). 

Extremely  successful  for  medium-sized  and  small  works  has  been 
the  condensing  plan  of  Mr.  Schaffner,  of  Aussig — certainly  only  in 
consequence  of  the  excellent  quality  of  the  receivers  and  pipes  made 
in  that  place,  whilst  an  imitation  of  that  plan  with  bad  material 
would  no  doubt  lead  to  incessant  interruptions  for  repairs.  The 
manufacturers  wishing  to  introduce  this  system  have  therefore,  in 
spite  of  the  cost  of  transit,  got  the  whole  plant  from  the  Aussig 
Chemical  works,  which  has  already  supplied  60  complete  condensing- 
apparatus  to  German,  Austrian,  Hungarian^  and  American  £GuH»ries. 
At  Aussig  blind  roasters  are  employed,  making  in  twenty-four  hours 
12  batches  of  8  cwt.  each.  The  condensing-apparatus  for  this  is 
represented  in  figs.  134  to  137,  and  consists  of  the  following  parts. 
The  condensing-apparatus  for  the  pan-gas  is  separate  from  that 
for  the  roaster-gas,  especially  in  order  to  obtain  hydrochloric  acid 
free  from  sulphuric  acid,  such,  for  instance,  as  sugar-works  require. 
Much  more  sulphuric  acid  is  present  in  the  roaster-gas  than  in  the 
pan-gas,  as  we  have  seen.  If  its  presence  does  no  harm,  such  a 
separation  of  condensing-plant  is  unnecessary. 

The  gas  from  the  pan^  being  less  hot,  travels  through  a  flue 
made  of  fireclay  pipes  to  the  small  tower  A,  fig.  135 ;  the  hotter 
roaster-gas  is  taken  first  through  a  flue  made  of  tarred  bricks,  then 
through  fireclay  pipes  into  the  small  tower  B.  The  two  towers  A  and 
B,  built  exactly  alike,  fulfil  two  purposes,  viz. : — ^first,  cooling  the 
gases  before  they  get  to  the  receivers ;  and,  secondly,  washing  them 
without  subjecting  them  to  any  water-pressure.  They  are  provided 
with  a  stone  grating,  below  which  the  gas  enters.  The  whole  space 
above  the  grating  is  filled  with  earthenware  dishes  of  a  particukr 
shape,  which  are  four  times  a  day  moistened  with  water  by  a  special 
contrivance.  The  sulphuric  acid,  having  more  affinity  for  water,  is 
almost  entirely  retained  here,  and  nearly  pure  HCl  passes  into  the 
proper  condensing-apparatus.  This  consists^  for  each  pan  or  roaster^ 
of  58  receivers,  whose  arrangement  is  shown  in  the  drawings.  The 
first  double  series  of  receivers  a  is  provided  with  long  connecting 
pipes  (rrr, fig.  134)  for  the  better  cooling  of  the  gases;  in  the 
second  double  row  {b,  fig.  135)  these  long  pipes  are  not  required. 
From  the  receivers  the  gases  pass  into  an  earthenware  tower,  en- 
tering underneath  a  grating  inside  the  same.    The  tower  is  two- 
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thirds  filled  with  earthenware  dishes  as  above ;  the  uppermost  third 
contuns  coke.  On  the  timber  frame  of  this  tower  a  water^cistem 
(R,  fig,  137)  ia  placed,  fi'om  which  the  water  issues  by  means  of  a 
turbine  distributor,  moved  by  the  falling  water  itself  and  spreading 
it  all  over  the  tower.  From  each  tower  a  pipe  carries  the  residual 
gases  downwards ;  and  both  systems  (for  the  pan  and  the  roaster) 
nltimately  unite  in  the  large  receiver  P,  fig.  135  j  from  this  a  pipe 
descends  into  a  flue  leading  to  the  chimney. 

In  order  to  observe  and  examine  the  esit^gas  continoally,  each 
system  is  provided  with  a  "sight,"  closed  by  glass  panes,  visible  in 
fig.  136  at  /  /.    In  these  at  the  same  time  the  draught  can  be  regu- 

Flg.  138. 
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lated  by  putting  more  or  fewer  plugs  into  the  grating  iritli  round 
holes,  lying  in  the  sight  (compare  Vol.  I.  p,  330). 

The  acid  issues  from  the  tower  13°  Tw.  strong,  rans  through  all 
the  receivers,  and  arrives  in  the  first  receiver  35^°  Tw.  strong.  The 
acid  condensing  in  the  small  towers  A  B  is  run  off  separately  by 
stoneware  cocks.    In  order  to  check  the  process,;  glass  cylinders 
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are  interposed  in  several  places,  through  which  the  acid  runs,  and  in 
irhich  hydrometers  show  the  progress  in  the  percentage  of  HCl. 

JHgB.  138  to  141  give  some  details  of  the  construction.  Pig.  138 
shows  one  of  the  towers  in  eectional  elevation,  through  E  F  in  fig. 
135 ;  &g.  139,  the  same,  cut  across  the  gas  entrance-pipe ;  figs.  140 
and  141,  the  cover  of  the  tower  with  its  compartments.  The  dis- 
tiibuting  wheel  empties  ita  contents  of  water  through  a  into  the 
outer,  through  b  into  the  inner  compartments  of  the  cover ;  c  are 
glass  tuhes  cemented  in;  dian  hydrometer  for  the  acid  running 
off  J  e,  the  gas  entrance-pipes ;  /,  the  pipe  for  running  off  the  acid ; 
ff,  the  gas  exit-pipe. 

Figs.  143  to  147  give  all  the  details  of  the  small  preliminary 
tower,  u)  JB  the  uijecting  pipe,  coming  from  the  water-main,  H 
the  cock  for  running  off  the  acid,  E  the  entrance^pipe  of  the  gas. 

According  to  Dr.  Angus  Smith,  whose  experience  in  this  matter 
no  doubt  exceeds  that  of  any  one  else,  a  coudeuser  of  50  feet  height 
and  6  feet  square  sufiices  for  the  gas  given  off  by  decomposing  5 
tons  of  salt  in  twenty-four  hours,  if  the  supply  of  water  is  properly 
regulated.  This  refers  to  blind  roasters.  Dr.  Smith  even  prefers 
another  condenser  of  equal  size  for  the  roaster  itself;  hut  this  is 
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Fig.  147. 


doabtleas  not  absolutely  necessary.  It  may  be  safely  asserted  that 
for  two  pans,  if  alternately  worked  witb  regularity,  a  condenser  of 
6  by  6  feet  section  and  50  feet  high  is  quite  sufficient,  especially  if 
the  gas  previously  passes  through  two  or  three  acid-tanks ;  even  if 
the  two  pans  decompose  up  to  SO  tons  of  salt  in  twenty-four  hours. 
In  cas^  of  need,  even  much  less  condensing-space  has  been  found  to 
suffice ;  but  then  there  is  great  danger  of  an  escape  of  acid  vapour 
at  the  slightest  carelessness ;  and  in  any  ease  the  quantity  of  strong 
acid  obtained  is  much  smaller  than  it  ought  to  be.  It  is,  no  doubt, 
preferable  to  make  the  tower  60  or  65  feet  high,  because  then  more 
and  stronger  acid  is  got ;  some  works  even  have  them  100  feet  high ; 
but  this  is  inconvenient  and  unnecessary,  at  any  rate  if  acid-tanks 
are  employed.  At  one  works  possessing  such  high  condensers,  two 
of  50  feet  each  have  recently  been  built,  the  gas  passing  from  the 
top  of  the  first  to  the  bottom  of  the  second,  and  out  of  the  top  of 
this  into  the  air.  All  this  refers  to  stone  condensers ;  earthenware 
pipe  condensers  only  require  two  thirds  of  the  sectional  area,  but 
the  same  height. 

Chandelon  gives  the  following  details  for  Belgian  factories,  re- 
lating to  the  year  1871  and  to  pans  and  roasters  together  : — 
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Oubic  capacity  of  the  cooling-  Cubic  capacity  of 

apparatus  for  each  100  kilog.  the  oondeDBers 
salt  decomposed  in  24  hours.  themselree. 

cubic  metre.  cubic  metres. 

I.        0378  to  1-480  2-400  to  3-400 

II.         0-438  ,,  1001  1-373 


III.  8-380  to  4-720 

IV.  0-826  „  1000  1-770  „  2680 

A  very  large  number  of  detailed  statements  on  the  dimensions  of 
condensers  in  English  alkaU-works  are  found  in  the  first  three 
Beports^  and  passim  in  all  the  succeeding  reports  by  the  Inspector 
on  the  Alkali  Act. 

Condensers  for  the  gas  from  open  roasters,  if  strong  acid  is  to 
be  got  from  them^  should  be  as  high  as^  but  wider  than^  pan-con- 
densers ;  if  only  weak  acid  is  aimed  at,  they  are  usually  made 
much  lower  (20  to  30  feet  high)^  but  of  so  much  the  larger  area. 
Frequently  they  are  made  of  bricks^  but  better  of  stones — the  gas 
being  previously  cooled,  lest  the  stones  should  crack.  Where 
furnace-gas  has  to  be  condensed  by  an  excess  of  water.  Dr.  Smith 
states  that  a  condensing-space  of  4  cubic  feet  for  each  cwt.  of  salt 
decomposed  per  diem  is  sufScient ;  and  this  is  found  true  in  practice. 

A  special  instance  of  condensers  for  open  roasters,  at  the  works  of 
Messrs.  J.  Hutchinson  and  Co.,  Widnes,  is  represented  in  figs.  148 
and  149,  showing  also  how  the  foundations  are  made  on  bad  ground. 

Condensers  made  of  earthenware  pipes  are  not  applicable  to 
open  roasters;  otherwise  they  are  probably  not  only  the  most 
efficient,  but  also  the  cheapest  of  all ;  but  for  very  large  factories 
(in  England  at  any  rate)  stone  towers  will  be  preferred  for  the  sake 
of  simplicity,  which  consideration  will  probably  outweigh  that  of 
a  lai^er  prime  cost.  For  the  same  reason  all  mechanical  means 
for  promoting  condensation  will,  in  all  probability,  remain  unsuc- 
cessful. They  all  cost  too  much,  and  give  occasion  for  incessant 
repairs.  Several  such  have  been  proposed — ^for  instance,  forcing 
by  a  fan-blast  through  finely  perforated  plates  immersed  in  water 
(Atkinson's  patent,  July  14,  1855). 

We  have  already  alluded  to  Clapham's  process,  which  consists 
in  utilizing  the  extremely  dilute  acid  of  post  condensers  for  sup- 
plying the  proper  condensers ;  thus  not  merely  is  the  weak  acid 
recovered,  but  a  corresponding  quautity  of  water  is  saved,  and  the 
contamination  of  watercourses  by  the  weak  add  is  got  rid  of. 
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This  process  was  in  operation  for  some  years  at  the  Walker  Alkali 
Woi^,  now  laid  in  for  three  pans,  producing  150  tons  of  sulphate 
per  week.  The  pan-gas  passed  through  two  stone  condensers,  in 
which  its  acid  was  completely  absorbed ;  these  were  fed  by  the 
weak  acid  from  the  two  roaster-condensers  3  and  4,  The  fiimace- 
gas  first  went  into  the  two  roaater-condensers  1  and  2,  fed  with 
weak  acid  £rom  3  and  4,  and  then  into  the  latter.  The  acid  firom 
the  two  pan-towers  and  the  roaster-condensers  1  and  S  was  col- 
lected as  strong  acid  in  three  lai^e  stone  cisterns,  and  employed 
for  chlorine-making.  The  weak  acid  from  the  roaster-towers  8 
and  4  runs  through  a  common  earthenware  pipe  into  four  stone 
cisterns,  in  which  it  is  somewhat  cooled.  Each  cistern  can  be 
filled  or  emptied  by  itself  by  means  of  cocks.  Their  common  ezit- 
pipe  is  divided  into  two  branches,  to  get  more  surface,  and  carried 
throngh  a  trough  40  feet  long,  in  which  the  acid  is  sofficieutly 
cooled  not  to  injure  the  following  apparatus,  all  lined  with  gntta 
percha.  The  cooled  acid  is  pnmped  upon  the  condensers  by  means 
of  compressed  air,  in  precisely  the  same  manner  as  sulphuric  acid ; 
but  the  "  acid-e^B "  here  must  be  lined  with  gutta  percha,  for 
which  reason  the  acid  must  be  carefully  cooled.     (Vulcanized 
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India  rubber  would  have  giren  lesa  troobte.)  Eig.  150  gives  a 
sketch  of  this  arrangement.  A  is  the  pan-condenser,  fed  with  weak 
acid  from  C ;  this  condenser,  serving  for  roaster-gas,  is  fed  with 
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-water.  B  is  the  other  roaster-condenser^  fed  with  water  (or  if  there 
is  sufficient  weak  add^  with  the  latter) .  a  conveys  the  pan-gas^  b 
the  roaster-gas ;  c  carries  the  residual  gas  of  A  into  the  air^  d 
that  firom  B  to  C^  e  that  from  C  into  the  air^  /  the  weak  acid  to  the 
cooling-cisterns  ffffff.  D  is  the  cylinder  lined  with  gutta  percha 
for  forcing  up  the  weak  acid,  with  the  inlet-pipe  h,  the  air-pressure 
pipe  i,  and  the  delivery-pipe  A ;  £  is  a  water-cistern,  n  a  weak-acid 
eastern  ;  m  serves  for  either,  o  for  the  weak  acid  from  A. 

This  system  was  not  connected  with  any  chimney,  a  12-inch 
pipe  on  the  top  of  the  roaster-condensers  sufficing  for  carrying 
away  all  the  gas.  .The  process  combines  perfect  condensation 
with  the  production  of  nothing  but  strong  acid ;  but  the  plant  is 
costly  and  easily  damaged.  Wherever  the  weak  condensers  can  be 
so  placed,  owing  to  differences  of  level,  that  the  weak  acid  can  run 
into  strong  condensers  by  natural  fall,  all  the  objections  against 
this  plan  vanish;  and  any  more  easily  managed  pumps  (comp. 
below)  would  greatly  contribute  to  facilitate  the  process.  It  prac- 
tically comes  to  the  same  as  making  the  condensers  of  double 
height,  which  entails  least  labour  in  working,  but  a  very  costly  and 
not  always  very  stable  construction. 

Acid-pumps, 

Already  in  laying  out  a  works  care  must  be  taken,  if  at  all 
possible,  to  provide  sufficient  fall  for  the  hydrochloric  acid ;  it 
should  find  its  way  frt)m  the  towers  to  the  tanks  or  receivers, 
from  these  to  the  store- vessels,  and  ultimately  to  the  chlorine-stills 
by  natural  fall.  This  is  all  the  more  easily  attained  as  the  eleva- 
tion of  the  gas  from  the  decomposition-apparatus  costs  nothing  at 
aU,  and  that  of  the  water  for  the  condensers  very  little.  Even 
where  there  are  no  natural  differences  of  level  in  the  works  avail- 
able for  this  purpose,  but  artificial  foundations,  stages,  &c.  must 
be  provided,  the  prime  cost  of  these  should  nearly  always  be  dis- 
r^arded  in  comparison  with  the  everlasting  expense  and  trouble 
of  pumping  up  the  hydrochloric  acid,  which  have  prevented  Clap- 
ham's  process  from  being  generally  adopted  anywhere. 

Still  a  number  of  acid-pumps  have  been  constructed,  which  are 
sometimes  resorted  to,  especially  in  cases  where,  in  consequence 
of  alterations  made  subsequent  to  the  erection  of  the  works,  no 
natural  fall  could  be  arranged  for  the  hydrochloric  acid.  Apart 
from  the  acid-eggs  lined  with  gutta  percha,  which  are  both  expen- 
sive and  easily  damaged,  we  should  mention  the  pump  made  by 
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Perreaox,  of  London,  with  a  glass  barrel  and  india-rubber  valves. 
It  can  only  be  employed  for  dilute  cold  acid,  aa  hot  strong  acid 
quickly  dissolves  the  lead  monntinga. 

The  pumps  made  by  Doulton  and  Watts  (%.  151)j  entirely  of 

Eg- 151. 


earthemrare,  are  not  destroyed  by  the  acids ;  but  they  are  easily 
broken  and  are  not  tight ;  so  that,  after  trial,  they  have  been  di»- 
continned  in  some  places. 

The  system  of  Mr.  Geo.  S.  Hazlehurst,  of  Runcorn,  appears  to 
have  been  more  successful.  Of  the  different  constructions  men- 
tioned in  his  patents  of  1874  and  1876  we  only  ahov  the  moot 
recent,  fig.  152.  A  A'  is  an  ordinary  pump-barrel ;  B  B*  are  two 
cast-iron  saucers;  C,  an  india-rubber  diaphragm,  separating  the 
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two  saucers  so  that  neither  liquid  nor  air  can  pass  from  one  side 
of  the  diaphragm  to  the  other.  D  D  are  india-rubber  ball-vaives^ 
the  lower  one  for  the  acid  suction-pipe^  the  upper  one  for  the 
delivery-pipe.  E  is  a  water-cistern,  communicating  by  F  with  the 
side  A^  of  the  pump-barrel.  When  the  pump  is  set  in  motion,  the 
diaphragm  C  waves  to  and  fro,  drawing  and  forcing  the  acid 
through  the  valves  D  D.  At  each  back  stroke  the  water  in  A' 
shoots  up  the  pipe  G  and  is  delivered  into  the  top  of  E ;  at  each 
forward  stroke  the  water  fills  A'  from  the  bottom  of  the  tub 
through  F.  Thus  the  water  is  constantly  changed  without  any 
valves  whatsoever,  avoiding  the  drawback  caused  by  the  inevitable 
entanglement  of  air  passing  through  the  gland  K.  The  acid  feed- 
cistern  may  be  placed  either  below  or  above  the  pump ;  in  the 
latter  case  an  air-vessel  is  required  on  the  suction-pipe.  All  parts 
requiring  it  are  lined  with  india-rubber  (or  might  be  made  of 
earthenware).  This  pump  is  specially  intended  for  pumping  back 
the  weak  acid  to  the  strong  acid,  thus  sparing  both  water  and  a 
source  of  pollution  of  streams.  It  is  well  spoken  of  by  practical 
men,  and  is  both  much  sipipler  and  cheaper  than  Clapham's 
plan. 

An  excellent  pump  i$  that  constructed  by  Schlotter,  which  has 
now  been  at  work  f oj  some  years  at  Aussig,  and  serves  for  pump- 
ing the  strongest  acid  from  the  store-vessels  to  the  stills,  about 
20  feet  high.  The  acid  runs  into  a  large  earthenware  jar,  into 
which  dip  three  perpendicular  1-inch  glass  tubes,  of  a  length  corre- 
sponding to  the  pumping-I^eight,  of  course  made  of  several  lengths 
joined  together.  These  are  constantly  jerked  up  together  about 
6  inches  by  a  small  engine,  ^d  let  down  immediately  afterwards. 
By  the  jerking  the  acid  is  thrown  up  in  the  pipes,  and  cannot  run 
back  again,  because  it  is  retj^ed  by  a  simple  india-rubber  clack 
valve  contained  in  a  short  eai;thenware  pipe  at  the  top ;  above  this 
the  glass  tube  rises  an  inc^  of  two,  and  then  bends  down  (in  the 
shape  of  a  horse-shoe)  and  di^  ¥dth  its  other  end  into  an  earthen- 
ware jar,  into  which  the  acid  is  discharged,  and  from  which  it  is 
run  away  as  required.  This  pump  has,  as  will  be  seen,  neither  a 
barrel  nor  a  ram ;  and  the  valves  are  reduced  to  the  simplest  pos- 
sible form ;  it  has  been  proved  perfectly  efficient  by  several  years' 
work.  The  figures  153  to  155  will  show  its  construction  more 
clearly. 

We  will  also  mention  in  this  place  the  peculiar  kind  of  am" 
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nexion  of  acid-pipes  employed  with  very  great  success  at  Aussig. 
In  lieu  of  cementing  and  stemming^  the  joints  are  made  by  an 
india-rubber  ring  put  round  the  spigot  end  of  one  earthenware 
pipe,  which  is  put  into  the  faucit  end  of  the  next  pipe  with  a  cer- 
tain degree  of  friction.  This  joint  is  not  only  perfectly  tight,  but 
gives  to  the  whole  length  a  certain  degree  of  flexibility.  The  pipes 
themselves  may  be  made  of  earthenware,  or  even  of  glass. 
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CHAPTER  VIII. 

CONTROL  OF  CONDENSATION ;  PURIFICATION,  APPLICA- 
TIONS, AND  CONVEYANCE  OF  HYDROCHLORIC  ACID. 

The  labour  connected  with  the  condensing-apparatus  is  of  a  very 
simple  character^  and  confined  to  the  observation  of  two  matters^ 
viz.  firsts  the  completest  possible  condensation  of  all  the  HCl  con- 
tained in  the  gas ;  secondly^  the  production  of  the  largest  possible 
quantity  of  strong  acid.  Sometimes^  as  we  have  seen  above^  the 
second  of  these  conditions  is  not  required.  If  the  cooling-  and 
condensing-space  be  insufficient^  or  the  apparatus  constructed  in  an 
unsuitable  manner^  the  two  conditions  just  mentioned  are  hostile 
to  each  other :  in  such  a  case^  if  all  the  HCl  is  to  be  condensed^ 
far  too  much  water  must  be  employed^  and  therefore  no  strong  acid 
can  be  got.  With  proper  condensing-appliances^  such  as  have  been 
described  in  the  preceding  Chapter^  the  all  but  complete  conden- 
sation of  the  pan-gas  at  least  (say  within  ^  or  1  per  cent.)  can  be 
most  justly  demanded^  and  that  all  to  strong  acid.  The  roaster- 
gas  J  from  both  close  and  open  roasters^  can  also  be  completely 
condensed^  but  usually^  with  blind  roasters  (and  with  open  ones 
always)  only  by  the  aid  of  a  post  condenser.  A  large  quan- 
tity of  acid  is  obtained  in  a  very  weak  state^  and  can  only 
find  very  limited  application.  It  is  especiaUy  used  where  the 
strong  acid  would  have  to  be  diluted — ^for  instance^  in  malring 
sodium  bicarbonate^  and  in  recovering  sulphur  from  the  tank- waste ; 
but  in  this  case  usually  some  strong  acid  must  be  added.  It  is 
further  employed  in  extracting  the  copper  from  burnt  pyrites  (for 
which  mostly  enough  acid  is  obtained  in  the  process  itself)  ^  for 
purifying  coke^  iron-ores^  and  clay  from  some  injurious  matters ;  but 
it  is  only  rarely  possible  to  employ  weak  acid  for  such  purposes^ 
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since  its  small  yalae  could  not  bear  the  comparatively  enormous 
expense  of  package  and  transit.  On  the  other  hand^  the  minerals^ 
ores^  8cc.  will  rather  be  taken  to  the  works  and  there  treated  with 
the  weak  add.  Thus^  for  instance^  at  Stolberg  the  weak  acid  is 
used  up  at  the  works  themselves  for  purifying  zinc-ores.  A  similar 
step  would^  no  doubt^  be  taken  if  the  procedure  proposed  by  J. 
Maxwell  Lyte  (patented  February  15^  1877)  should  turn  out  suc- 
cessful. He  proposes  that  the  mixed  ores  of  galena  and  blende^ 
which^  even  when  containing  some  silver^  often  do  not  pay  for 
smelting^  be  digested  with  '^  moderately  concentrated  "  hydrochloric 
add  and  steam  till  the  zinc  and  iron  are  dissolved  along  with  some 
lead  chloride^  which  crystallizes  out  on  cooling.  This^  together 
with  the  principal  portion  of  the  lead  remaining  in  the  residue^  is 
smelted  for  lead ;  the  solution  of  ZnCI^  is  precipitated  with  lime 
at  a  boiling  heat;  the  Zn(0H)2  is  pressed  into  bricks  and  also 
smelted  as  usual  [which  is  a  very  difficult  operation  with  oxide 
obtained  in  this  way] . 

In  any  case  alkali-makers  regularly  try  to  confine  the  production 
of  weak  acid  to  a  minimum^  which  is  only  possible  by  a  rational 
system  of  cooling  and  condensing ;  and  to  that  endeavour  the  feed- 
ing of  the  strong  condensers  with  weak  acid  (comp.  last  Chapter) 
must  be  referred. 

The  control  of  the  condensation  will  have  to  take  account  of 
both  the  conditions  laid  down  for  it.  The  acid  running  out  of  the 
condensers^  tanks^  or  receivers  ought  to  be  strong  enough — ^that  is^ 
for  sale  add  in  winter,  34°  to  36°,  in  summer  30°  to  32°  Tw. ;  for 
own  use,  acid  of  23°  to  28°  is  frequently  sufficient,  but  mostly  the 
higher  strength  is  preferable.  Usually  samples  are  taken  several 
times  a  day  and  tested  by  the  hydrometer ;  but  it  is  best  to  run 
all  the  add  coming  from  the  condensing-apparatus  through  a  glass 
cylinder  in  which  a  hydrometer  floats,  so  that  a  single  glance 
shows  the  strength  of  the  add  without  the  time  and  trouble  of 
sampUng. 

It  should  not  be  overlooked  that  hydrochloric  add  cannot  easily 
be  obtained  of  the  highest  strength  unless  sulphuric  add  of,  say, 
140°  or  144°  Tw.  is  employed  for  decomposing;  otherwise  too 
much  steam  has  to  be  condensed. 

Nor  should  it  be  forgotten  that  the  hydrometer  at  a  high  tem- 
perature indicates  much  less  strength  than  at  a  lower  one ;  accord- 
ing to  the  Table  given  on  p.  177,  an  acid  which  at  19°'5  C.  shows 
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20°  Tw.,  at  100°  C.  would  only  show  12°  Tw.     The  acid  before 
testing  must  therefore  be  cooled  down  to  ordinary  temperatures. 

Of  the  greatest  importance  is  testing  for  any  uncondensed  acid 
gas  escaping.  What  ought  to  be  the  maximum  of  this  has  been 
mentioned  on  p.  189.  In  somewhat  damp  air  a  practised  eye  can 
draw  a  conclusion  on  the  escape  of  gas^  firom  the  appearance  of  the 
vapours  issuing  from  the  apparatus.  It  is  true  that  from  the  open 
exit-pipes  of  pan  condensers^  even  with  perfect  condensation^  small 
puffs  of  cloud  always  escape ;  but  this  is  only  steam,  and  is  distin- 
guished from  acid  vapour  by  at  once  dissolving  in  the  air  and  dis- 
persing. Acid  vapours^  on  the  other  hand^  form  thick  white  mists 
which^  in  damp  weather^  drag  along  for  great  distances  and  keep 
together  for  a  long  time.  Frequently  these  mists  are  only  formed 
when  the  gas  comes  into  contact  with  the  outer  air. 

Of  course  the  appearance  of  the  gases  is  insufficient  for  control- 
ling the  condensation ;  chemical  tests  must  be  added  to  this.  It 
would  be  most  satisfactory  if,  on  the  one  hand^  the  absolute 
volume  of  the  escape  gases  were  accurately  known^  and  if,  on  the 
other  hand^  measured  portions  of  the  gas  were  continuously  con- 
ducted through  some  absorbent.  The  firsts  viz.  the  getting  at  the 
absolute  volume  of  the  gases^  is  very  difficulty  even  with  the  ane- 
mometer of  Fletcher  or  that  of  Swan  (which  have  been  described 
in  vol.  i.  pp.  331  and  340).  Even  the  continuous  taking  and 
measuring  of  samples  is  not  quite  easy ;  it  is  best  done^  according 
to  Mactear^  by  a  small  gas-meter^  which,  in  order  to  prevent  cor- 
rosion of  its  parts,  is  placed  behind  the  absorbing  apparatus.  Any 
ordinary  aspirator  of  sufficiently  lai^e  size  will  fulfil  the  same  pur- 
pose in  a  cheaper  way,  and  is  less  liable  to  get  out  of  order. 
Kuhlmann  fils  (Ann^e  Industrielle,  1878,  p.  67)  proposes  to  measure 
the  speed  of  the  gases  by  evolving  coloured  vapours  at  the  foot  of 
the  chimney,  and  observing  the  time  which  they  take  in  getting 
to  the  top. 

Usually,  however,  only  a  certain  volume  of  gas  is  aspirated, 
first  from  the  entrance-pipe  and  then  from  the  exit-pipe  of  the 
gases,  and  the  proportion  of  HCl  in  both  is  estimated.  For  aspi- 
rating, the  Alkali  Inspectors  employ  small  finger-pumps  made  of 
india-rubber  balls,  which  on  compression  give  up  nearly  constant 
quantities  of  air.  Standing  aspirators  are  preferable ;  a  very  sim- 
ple and  cheap  apparatus  of  this  kind  is  represented  in  fig.  156. 
It  consists  of  two  glass  bottles,  I.   and  II.,  say  "Winchester 
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quarts,"  provided  with  a  twice-perforated  cork  or  india-rubber 
stopper,  tbrongli  which  passes  one  elbow-tube  eudiug  just  below  it, 
and  another  reaching  down  to  its  bottom.  We  will  call  the  former 
a  and  b,  the  latter  c  and  d.  The  tubes  c  and  d  are  connected  hj 
an  elastic  tube ;  another  elastic  tube  connects  either  a  or  &  with 
the  apparatus  through  which  the  gas  is  to  be  aspirated — say,  with 

Fill.  156. 


a  small  'Woulfe's  bottle  contuning  water  and  connected  also  with 
the  outlet  of  the  condenser.  One  of  the  bottles,  say  I.,  is  placed 
■o  that  its  bottom  is  raised  above  the  neck  of  II.  If  now  b  is 
CMmnected  with  the  absorbing  apparatus,  and  the  air  is  sucked  from 
a  for  a  moment,  the  siphon  formed  by  c  i  and  the  elastic  tube 
b^ns  to  run,  whilst  gas  is  aspirated  &om  b.     When  the  contents 
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of  I.  are  ran  out^  the  elastic  tube  is  detached  from  b,  the  position 
of  the  bottles  is  changed^  so  that  II.  now  stands  higher^  and  the 
elastic  tube  is  put  upon  a  ;  the  connexion  between  c  and  d  is  not 
touched.  If  the  attendant  sucks  for  a  moment  at  b,  the  apparatus 
starts  working  again ;  usually  sufficient  water  remains  in  the  tube 
b  in  the  shape  of  beads  to  make  the  siphon  start  of  its  own  accord. 
The  quantity  of  water  running  out  of  the  bottles,  independent  of 
that  always  remaining  at  their  bottom,  is  determined  once  for  all ; 
or  a  more  exact  scale  can  be  put  upon  the  bottles  themselves. 

For  absorbing  the  acid  gases  either  distilled  water,  or  weak  soda 
solution,  or  a  measured  quantity  of  standard  silver  solution  is  em- 
ployed.. In  the  latter  case  Gay-Lussac's  shaking  process  must  be 
applied ;  in  the  former  case  Mohr's  process,  with  potassium  chro- 
mate  as  an  indicator,  can  be  used,  if  modified  for  this  purpose. 
Some  SO2  is  always  present,  not  only  in  the  fire-gases,  but  also 
in  the  condenser-gas  not  mixed  with  fire-gas,  probably  firom  the 
action  of  sulphuric  acid  vapour  upon  the  coke.  Even  small  quan- 
tities of  SO2  make  Mohr^s  process  impossible  for  direct  use.  But 
it  can  be  employed  if  to  the  liquid  a  diluted  solution  of  perman- 
ganate is  carefully  added  till  the  pink  colour  just  appears.  All 
the  SO3  is  now  oxidized  to  SO4H3 ;  the  liquid  is  neutralized  with 
soda,  a  very  slight  excess  of  which  does  no  harm,  no  more  than 
the  extremely  small  excess  of  permanganate;  potassium  chro- 
mate  is  added,  and  the  liquid  titrated  with  standard  nitrate  of 
silver. 

To  ensure  complete  absorption  of  the  smallest  quantity  of  HCl 
in  the  large  volume  of  gas,  a  simple  bubbling  of  the  gas  through 
the  liquid  contained  in  a  Woulf e's  bottle  is  not  sufficient ;  but  a 
larger  surface  of  contact  between  gas  and  water  must  be  obtained. 
This  is  very  well  done,  for  instance,  by  the  small  apparatus  shown 
in  fig.  157,  and  first  introduced  by  Mr.  Glendinning.  The  gas  enters 
at  a  as  usual ;  it  leaves  the  bottles  through  the  wider  tube  b,  which  is 
connected  with  the  aspirator  at  c :  bi&  blown  into  a  bulb  at  the  bot- 
tom ;  and  a  number  of  small  holes  are  made  in  that  bulb.  The  whole 
tube  is  filled  with  broken  glass.  It  is  put  down  just  to  the  level 
of  the  liquid ;  the  current  of  gas  carries  some  liquid  through  the 
fine  holes  into  b,  where  the  gas  and  water  are  mixed  into  froth  by 
the  broken  glass  and  come  into  intimate  contact.  The  tube  d 
should  be  pretty  long,  as  the  liquid  is  sucked  up  into  it  to  a  con- 
siderable height.      For  the  perforated  glass  ball  an  open  glass 


CONTROL  OF  CONDENSATION  OF  HTDROCHLOBIC  ACID.  265 

tube,  closed  by  a  cork  with  fine  longitudinal  nicks,  may  be  snb- 
stitnted. 

In  order  to  take  the  samples,  there  must  be  l-inch  holes  drilled 
in  suitable  places  of  the  gas-pipes,  of  course  usually  closed  in  some 
way.  For  testing,  a  cork  is  put  in  which  contains  a  glass  tube 
reaching  to  the  middle  of  the  gas-fine,  and  so  placed  that  no  drops 

Fig.  157. 


of  liquid  can  fall  into  it ;  this  tube  is  connected  outside  with  the 
abBorbing-apparatufl,  and  the  latter  with  the  aspirator. 

Dr.  Smith  (in  the  Elventb  Report  on  the  Alkali  Act,  p.  40) 
gives  a  special  instance  of  the  condensing  process  as  observed  at  a 
-works  at  8t.  Helen's,  decomposing  daily  6  tons  12  cwt.  of  common 
salt,  which  ought  to  produce  7616  cwt.  of  dry  HCl  or  253-88  cwt, 
of  30-per-cent.  acid  of  31°  Tw.  It  appears  that  there  is  a  blind 
roaster,  and  that  both  pan-  and  roaster-gas  pass  into  the  same 
<»)nden8er.  First  they  pass  through  a  small  cistern  close  to  the 
famace,  in  which  in  24  hours  about  one  third  of  a  cubic  foot  of 
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27-per*cent.  add  is  condensed ;  it  is  very  impure^  and  its  tempe- 
rature is  46°  C.  In  a  second^  more  distant  cistern  in  the  same 
period  48' 1  cubic  feet  of  31-per-oent.  acid  at  32^  C.  collect;  the 
condenser  furnishes  in  24  hours  400  cubic  feet  of  29-per-cent. 
acid  at  54^*5  C.  The  percentage  of  HCl  and  steam  in  the  acid 
gases  was  twice  examined^  and  found  as  follows  (I.  evidently 
during  the  most^  II.  during  the  least  energetic  evolution  of 
gas)  :— 

I. 

grams  H2O  in  1  cub.    grams  HCl  in  1  cub. 
metre  of  gas.  metre  of  gas. 

3  feet  from  the  pan   1109-27  151199 

Near  the  roaster    44*35  304*53 

On  entering  the  condenser  .      51  06  293*38 


n. 

grtft&s  H3O  in  1  cub.    grams  HCl  in  1  cub. 
metre  of  gas.  metre  of  gas. 

3  feet  from  the  pan 14-60  129*66 

Near  the  roaster 1*46  65*45 

On  entering  the  condenser . . .     16*23  37*85 

The  temperature  of  the  pan-gas  wais  180^^  that  of  the  roaster- 
gas  315*^  C,  on  entering  the  tower  60^  C.  In  spite  of  this,  as  we 
see,  at  the  latter  place  only  tm^  eighth  of  the  HCl  is  condensed ; 
and  the  tower  has  to  perform  the  other  seven  eighths  of  the  con- 
densation. 

Very  important  is  the  regulation  of  the  draught,  if  the  condenser 
does  not  commtinicate  directly  with  the  atmosphere,  but  with  the 
chimney.  In  any  case  there  must  be  m  the  connecting  flue  a 
damper  of  glass^  slate,  stoneware,  or  lead,  which  is  opened  exactly 
so  far  that  the  gas  can  just  pass  through  and  does  not  blow  out 
of  the  working-doors  of  the  furnaces.  If  more  draught  is  given, 
uncondensed  HCl  gas  inevitably  gets  into  the  chimney,  even  with 
an  excess  of  water.  In  some  works  the  damper  is  put  under 
lock  and  key,  because  the  furnace-men  are  apt  to  open  it  more 
widely  in  order  to  get  more  draught.  If,  on  the  contrary,  the 
draught  is  not  sufficient,  which  mostly  happens  when  the  coke 
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packing  has  settled  down  too  mnch^  the  eril  can  be  cured  either 

by  a  steam  jet  in  the  exit-pipe  or  by  a  water  jet  acting  in  the 
manner  of  a  '^  Bunsen  pump''  as  an  aspirator. 

The  results  of  working  the  condensers  have  had  to  be  mentioned 
several  times  before^  particularly  the  unsatisfactory  ones  of  former 
condensers.  Few  works  possess  any  contrivances  for  exactly 
measuring  the  acid  produced ;  only  where  all  of  it  is  sold  can  a 
complete  check  be  obtained.  So  much  is  certain^  that  with  really 
good  condensing-apparatus  by  far  the  largest  portion  of  the  HCl 
given  off  can  be  recovered.    Theoretically  100  parts  of  NaCl  would 

yield  ^^^.^^^  =  62-36  dry  HCl,  or,  expressed  in  add  of  34°  Tw. 

(=:32-3  per  cent.  HCl.  at  (f  C),  198  parts  of  such  by  weight,  or 
nearly  165  litres  for  100  kilog.  pure  NaCl,  =368  gallons  per  ton. 
Common  salt  of  93  per  cent,  would  theoretically  yield  179*5  kilog. 
or  153-3  litres  (at  0°  C.)  of  the  above  add,  =343  gallons. 

On  calculating  the  add  to  be  obtained  per  ton,  not  merely  the 
percentage  of  the  common  salt  employed,  but  also  the  NaCl  left  in 
the  sulphate  must,  of  course,  be  taken  into  account.  This,  on  the 
average  of  most  works,  amounts  to  1*5  per  cent.,  leaving  as  possible 
yield  of  hydrochloric  acid  still  176*8  per  cent,  by  weight  or  151 
litres  per  100  kilog.,  =337  gallons  per  ton. 

Of  the  many  statements  of  the  actual  yield  of  muriatic  add, 
only  a  few  shall  be  repeated  here.  H.  Allhusen  (Richardson  and 
Watts,  vol.  V.  p.  285)  states  the  result  of  six  accurate  trials  on  the 
large  scale,  as  follows : — 

68*60  per  cent,  of  the  theoretical  yield  from  the  pan-gas. 
29*40  „  „  „  roaster-gas. 

2*00  per  cent.  loss. 

Clapham  (ib.  260)  states  as  the  result  of  six  months'  accurate 
observations : — 

100  parts  of  common  salt  yielded 66*80  HCl. 

Left  in  the  sulphate    1*52    „ 

Loss 0*58    „ 


Possible  yield    57*90 


» 
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At  Messrs.  Garrett's,  of  Wigan,  there  were  condensed : — 

In  the  stone  cisterns 66*04  per  cent, 

„     receivers  following  them 33'396      ,, 

„     coke-tower 0*562      „ 

Found  in  the  gas  leaving  the  latter 0*002      ,, 


100*000 


This,  however,  only  refers  to  the  HCl  found  by  analysis,  and  takes 
no  account  of  losses  by  leakage  &c. 

According  to  Schrader  {he.  cii.),  from  92-per-cent.  salt  as  much 
as  145  parts  of  acid  of  34^  to  36°  Tw.  can  be  actually  obtained, 
instead  of  175*9  parts  by  theory ;  according  to  Payen,  120  to  125 
parts  instead  of  154*7 ;  according  to  Balard  ('  Rapport  du  Jury 
International,'  1867,  vii.  p.  45),  at  Chauny  95  per  cent,  are 
recovered,  viz.  150  parts  acid  of  21°  Baum^  (34°  Tw.)  to  100  parts 
salt  containing  fix)m  5  to  6  per  cent,  water. 

The  following  statements  have  been  made  to  the  author  at 
German  works  (1878)  :—{a)  133  parts  acid  of  21°  Baume  (=32° 
iPw.)  from  100  parts  of  a  mixture  of  72  rock-salt  and  28  nitrecake; 
{b)  140  to  150  parts  of  acid  of  20°  Baum^  from  100  parts  of  com- 
mon  salt.  The  quantity  of  acid  obtained  by  Joneses  mechanical 
furnace  has  been  stated  on  p.  106.  At  Aussig,  where  the  very 
perfect  oondensing-apparatus  described  on  p.  242  et  seq.,  and  the 
extremely  pure  salt  of  Neu-Stassfurt  (which  contains  99  per  cent. 
NaCl,  and  yields  120  per  cent,  of  sulphate)  are  employed,  the  very 
high  yield  of  148  parts  of  hydrochloric  acid  of  34°  to  36°  Tw.  is 
obtained  from  100  parts  of  sulphate. 

Purifieation  of  Cotnmereial  Hydroehlorie  Aeid. 

The  impurities  of  crude  muriatic  acid  have  been  enumerated  on 
p.  179.  The  flawed  ones  can  be  removed  from  the  acid  in  the  easiest 
way  by  distilling  it  with  the  usual  precaution  of  rejecting  the  first 
and  the  last  portions  of  the  distillate.  Ferric  chloride,  especially, 
passes  over  towards  the  end  of  the  distillation;  nor  can  it  be  re- 
tained by  adding  zinc  or  stannous  chloride  (to  reduce  it  to  FeCl^, 
but  only  by  the  addition  of  phosphoric  acid. 

Sulphuric  aeid  can  be  easily  removed  by  barium  chloride ;  on  the 
large  scale  most  of  it  can  be  kept  out  of  the  hydrochloric  acid  by 
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proper  precautions  in  condensing  it.  Of  course  the  difficult  solu- 
bility of  BaCl^  in  concentrated  hydrochloric  acid  must  be  borne  in 
mind. 

Sulphurous  acid  and  chlorine^  according  to  Domonte^  are  most 
easUy  removed  from  hydrochloric  acid  by  a  current  of  carbonic 
add^  without  reducing  its  percentage  of  HCl.  The  latter  assertion 
bas  been  refuted  by  Boscoe  and  Dittmar^  the  former  by  Bolley  and 
Ott^  who  did  not  notice  the  least  effect  of  carbonic  acid  on  the  SO^ 
contained  in  muriatic  acid  (Wagner^s  Jahresb.  1860^  p.  190). 

Many  proposals  have  been  made  for  preparing  pure  hydrochloric 
acid  (fiie  from  arsenic  especiaUy)  from  the  crude  acid     Houzeau 
(Compt.  Bend.  lix.  p.  1025)  states  that  weak  acid  can  be  obtained 
free  from  arsenic  by  simply  evaporating  it  in  an  open  vessel  to  two 
thirds  of  its  volume^  in  which  case  all  the  arsenic  goes  away  as 
AsClg.    In  order  to  obtain  a  stronger  acid^  3  litres  of  crude  acid  are 
put  into  a  6-litre  flask^  0*3  gram  of  powdered  potassium  chlorate 
are  added^  and'  the  flask  is  closed  by  a  twice-perforated  cork  cairy- 
ing  a  safety-tube  and  a  wide  tube  of  20  inches  length.     The  latter 
is  drawn  out  at  the  bottom  and  filled  with  about  100  grams  of 
copper  turnings^  and  on  the  top  of  these  with  a  3-inch  layer  of 
asbestos  or  pounded  glass.    This  tube  projects  pretty  far  into  the 
neck  of  the  flask^  in  order  to  be  heated  by  the  vapours ;  its  upper 
end  is  connected^  by  another  tube,  with  a  receiver  containing  water. 
If  heat  is  now  applied,  by  the  action  of  the  KCIO3,  the  AsClg  is 
converted  into  non- volatile  AS2O5;  the  excess  of  chlorine  escapes 
along  with  the  HCl,  but  is  retained  by  the  moist  copper,  and  drops 
back  into  the  bottle  as  a  solution  of  CuCl^.     In  order  that  in  the 
boiling  liquid  an  excess  of  CI  may  always  be  present  and  the  reduc- 
tion of  AsjOg  be  avoided,  a  current  of  hydrochloric  acid  is  run  in 
continuously  through  the  safety-tube,  containing  ten  times  the 
original  quantity  of  KCIO3.     Of  course  this  process  is  too  trouble- 
some and  expensive  for  working  on  a  large  scale,  and  its  success 
is  after  all  only  problematical  (compare  below) . 

P.  W.  Hofmann  (Deutsch.  chem.  Ges.  Ber.  ii.  p.  272)  found  more 
sulphuric  add  in  the  last  receivers  of  a  series  than  in  the  first  ones, 
which  he  attributes  to  the  difficulty  of  retaining  sulphuric  anhydride 
(ought  not  the  gas  to  be  thoroughly  moistened  ?) .  He,  however, 
made  pure  hydrochloric  acid  on  a  manufacturing  scale  by  running 
sulphuric  acid  of  170^  Tw.  into  crude  muriatic  acid.  HCl  gas 
escapes  at  once,  is  washed  in  a  washing-bottle,  and  absorbed  in 
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distilled  water.  This  goes  on  till  the  sulphuric  acid  has  got  down 
to  131°  Tw.  It  acts  of  course  by  attracting  water  and  driving  the 
free  HCl  off  in  the  state  of  gas ;  it  is  said  to  retain  only  0*32  per 
cent.  HCl.  It  may  either  be  employed  for  decomposing  salt  or 
be  concentrated.  One  hundred  parts  of  concentrated  oil  of  vitriol 
Aimish  40  parts  pure  hydrochloric  acid  of  specific  gravity  1'181. 

As  might  be  expected^  Hofmann^s  process  does  not  remove  any 
arsenic  from  the  hydrochloric  acid^  but  increases  it  by  that  derived 
from  the  vitriol.  In  fact  Fresenius  found  the  gas  containing  arsenic 
in  all  stages  of  its  evolution.  This^  therefore^  must  in  any  case  be 
removed  in  the  first  instance. 

A  suitable  plan  for  eliminating  arsenic  was  proposed  by  Betten- 
dorf  (Dingl.  Joum.  cxciv.  p.  253)^  viz.  adding  a  solution  of  stannous 

chloride  in  concentrated  HCl — which  produces  a  brown  precipitate, 

consisting  of  arsenic  vrith  1*5  to  4  per  cent,  of  tin^  but  only  in  con- 
centrated hydrochloric  acid  of  sp.  gr.  1*182  to  1*123 :  with  acid  of 

1*115  the  precipitation  is  incomplete;  with  acid  of  1*100  no  preci- 
pitation at  all  takes  plaQe — ^probably  because  then  the  arsenic  is 
not  present  in  the  liquid  as  AsCls,  but  as  AJB3O3.  This  reaction  is 
not  only  very  well  adapted  for  detecting  arsenic  in  the  presence  of 
antimony^  since  the  latter  is  not  acted  upon  by  SnCl^^  but  also  for 
purifying  crude  muriatic  acid  from  arsenic,  which  is  precipitated  by 
a  filming  solution  of  SnCl^  separated  by  filtration  after  twenty-four 
hours,  and  the  acid  distilled  off  almost  to  dryness :  the  distillate  is 
quite  free  from  arsenic.  Probably,  instead  of  distilling,  Hofmann's 
process  of  driving  out  the  HCl  in  the  cold  by  strong  vitriol  might 
be  employed,  if  the  latter  could  be  obtained  free  from  arsenic. 

I.  Mayrhofer  (Annal.  Chem.  Pharm.  clviii.  p.  326)  completely 
confirmed  Bettendorfs  statements,  but  found  that  mere  oxidation 
of  AsClg  to  AS9O5  and  subsequent  distillation  could  not  purify  the 
hydrochloric  acid  from  arsenic,  as  H.  Rose  and  others  had  asserted ; 
for  arsenic  acid  is  just  decomposed  by  HCl,  especially  on  heating, 
with  formation  of  AsClg  and  chlorine,  and  that  all  the  more  easily 
the  more  concentrated  the  HCl. 

Hager  (Wagner's  '  Jahresbericht,'  1872,  p.  263)  agrees  with  this, 
but  remarks  that,  if  the  precipitate  formed  in  Bettendorf's  process 
is  not  completely  filtered  off  before  distillation,  the  distillate  always 
contains  arsenic,  even  with  an  excels  of  9tannous  chloride.  From 
the  latter  stannic  chloride  is  formed 

(3  SnCl«+6HCH- As808=A88-h3H50  +  3  SnClJ, 
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and  passes  over  into  the  distillate.  Hager  qonsequeutly  recommends 
the  process  of  Duflos : — ^The  acid  is  dilated  to  1'13  specific  gravity ; 
if  it  contains  any  SO^^  some  MnO,  (or  KCIO3)  is  added ;  then  broad 
bright  strips  of  copper  are  put  in  and  digested  one  day  at  about 
30^  C.  Then  the  strips  of  copper  are  taken  out^  scoured^  and  put 
into  the  acid  for  another  twelve  or  fourteen  hours.  Thus  all  the 
arsenic  is  precipitated  on  the  copper^  the  chlorine  is  removed^  and 
the  ferric  chloride  is  reduced  to  ferrous  chloride.  Thallium  also  is 
precipitated  by  copper  in  the  presence  of  arsenious  acid.  Then  the 
liquid  is  distilled^  after  first  putting  a  few  scraps  of  copper  into  the 
retort^  in  order  to  protect  the  ferrous  chloride  against  being  recon- 
verted into  ferric  chloride. 

Diez  accomplishes  the  same  ends  by  treatmentwith  sulphuretted 
hydrogen,  filtering,  and  distilling  (Wagner's  Jahresb.  1873,  p.  263) ; 
Engel  (ib.  1873,  p.  275),  still  more  simply,  by  adding  0*4  to  0'5  per 
cent,  potassium  hyposulphite,  pouring  off  firom  the  precipitate,  and 
distilling. 

Hargreaves  and  Robinson  (English  patent  d^^ted  Aug.  29th,  1872) 
propose  to  add  the  H2S  in  the  manufacture  of  HCl  on  the  large 
scale,  before  condensation,  in  order  to  remove  arsenic  and  to  reduce 
SO2  to  S«  The  latter  is  of  special  importance  to  them,  as  in  their 
process  the  HCl  always  contains  a  little  SO^,  which  is  prejudicial 
in  the  preparation  of  chlorine. 

The  applications  of  hydrochloric  add  are  extremely  numerous. 
Most  of  it  serves  for  preserving  chlorine,  which,  in  its  turn,  is  em- 
ployed for  manufacturing  bleaching-powder  and  liquor,  chlorate  of 
potash,  &c.,  or  directly  for  bleaching.  In  Germany  during  the 
year  1878  the  stoppage  of  several  alkali- works  raised  the  price  ^ 
hydrochloric  acid  so  much  that  in  some  places  the  manufactures  of 
chloride  of  lime  and  other  applications  of  that  acid  at  the  works 
themselves  have  been  discontinued. 

The  applications  of  weak  HCl  have  been  described  on  p.  260. 
This  acid  further  serves,  mostly  in  its  ordinary  state  of  concen- 
tration, for  preparing  the  chlorides  of  zinc,  tin,  antimony,  ammo- 
nium, barium,  calcium,  &c. ;  for  manufacturing  bone-glue,  super- 
phosphate, purified  animal  charcoal;  for  revivifying  bone  char; 
for  bleaching,  partly  by  itself,  partly  along  with  chloride  of  lime, 
and  in  innumerable  cases  in  dyeing  and  printing ;  for  preparing 
several  other  acids,  especially  carbonic  acid  (in  the  manufacture 
of  sodium  bicarbonate,  mineral  waters,  &c.) ;  for  neutralizing  the 
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caustic  soda  in  manufacturing  alizarine  and  resorcine  and  in  the 
manufacture  of  many  other  artificial  colouring-matters ;  for  pickling 
iron  and  zinc>  for  freezing-mixtures  (vrith  Glauber^s  salts  and  snow) ; 
for  preparing  lead  oxychloride  firom  galena  by  Pattinson^s  process; 
for  making  aqua  regia ;  for  purifying  sand  and  clay  firom  iron  for 
glass  and  ceramic  manufactures ;  for  purifying  cream  of  tartar ;  for 
precipitating  fatty  matters  from  soap-suds^  and  for  decomposing  the 
lime  soap  formed  from  the  same;  for  the  metallui^cal  preparation 
of  copper^  of  galena  containing  zinc ;  for  getting  the  zinc  from  tin- 
plate  scraps ;  for  recovering  sulphur  from  tank-waste ;  for  remoring 
boiler-scale ;  as  auxiliary  in  diffusion  at  beetroot-sugar  works  (Dingl. 
Joum.  ccxxi.  p.  92) ;  for  saturating  the  sirups  and  the  manufacture 
of  sugar  from  molasses  by  means  of  alcohol ;  and  for  innumerable 
other  purposes. 

The  conveyance  of  hydrochloric  acid  mostly  takes  place  in  glass 
carboys^  just  like  that  of  sulphuric  acid^  and  with  the  same  external 
packages.  More  rarely  earthenware  bottles  are  used^  which  must 
after  all  be  put  into  baskets  for  conveyance.  Sometimes  smaller 
earthenware  bottles^  containing  about  ^  cwt.  each^  are  sent  out  four 
together^  packed  in  ordinary  packing-cases^  this  handy  kind  of 
packing  being  required  by  some  consumers.  For  a  considerable 
time  past  attempts  have  been  made  to  replace  the  fragile  glass 
carboys  by  gutta-percha  vessels;  but  the  expense  is  against  it^ 
since  a  vessel  large  enough  to  hold  from  1^  to  2  cwt.  of  hydro- 
chloric acid^  worthy  say^  two  shillings^  itself  costs  £3.  This  forbids 
the  employment  of  such  vessels^  except  within  a  very  limited  circle 
around,  whence  the  gutta-percha  vessels  can  be  quickly  and  cheaply 
returned  to  the  works.  According  to  the  most  recent  publication 
of  Kuhlmann  fils^  travelling  tanks  made  of  hardened  india  rubber 
(ebonite)  have  been  found  to  answer  exceedingly  well. 
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HISTORICAL.    PROPERTIES.    NATURAL  SODA. 


The  compound  which  now^  excepting  common  salt^  is  technically 
the  most  important  of  all  mineral  salts^  has  not  always  held  this 
rank^  although  it  seems  to  have  been  known  from  the  remotest 
antiquity.  In  the  Old  Testament  a  substance  which  served  for 
cleansing^  and  effervesced  with  vinegar^  is  mentioned  by  the  name 
of  '^  neter.^'  Evidently  this  was  the  same  Egyptian  word  which 
the  Greeks  rendered  by  vlrpov,  the  Romans  by  '^nitrum/^  and 
which^  as  we  now  know  for  certain^  did  not  signify  saltpetre^  but  soda 
(Kopp, '  Geschichte  der  Chemie/  iv.  p.  23).  The  word  "  natron  ^' 
is  first  found  in  Europe  in  the  15th  century,  to  denote  either  the 
natural  alkaline  carbonate  or  that  made  from  plants.  The  Arabs 
sometimes  called  it  "nitrum/^  but  more  frequently  "kali''  or 
"  alkali ;"  even  the  expression  '^  soda ''  already  occurs  in  Geber. 
All  three  expressions  (natron,  kali,  and  soda)  meant  the  same 
thing,  viz.  fixed  alkali  of  any  kind.  What  we  now  call  potash 
and  soda,  or  their  salts,  were  regularly  confounded  at  that  time, 
or  taken  for  mere  modifications  of  the  same  substance.  The  first 
who  recognized  a  difference  between  them  was  Stahl,  in  1702; 
but  Duhamel,  in  1736,  first  completely  established  the  base  of 
common  salt  as  a  peculiar  substance,  different  from  that  of  the 
"  salt  of  tartar.''  Still  some  chemists  would  not  admit  any  differ- 
ence between  "  vegetable  "  and  "  mineral "  alkali  (the  latter  name 
had  been  given  to  the  base  of  common  salt  by  Marggraf,  in  1759) . 
As  late  as  1782  the  Gottingen  Society  offered  a  prize  with  reference 
to  this ;  but  we  may  consider  that  the  matter  was  definitely  decided 
about  that  time  (Kopp,  loc.  cit.), 

t2 
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Peoferties  of  the  Carbonates  of  Sodium. 
Anhydrous  sodium  carbonate,  NajCOs^  is  composed  of 

Molecular  weight.  per  cent. 

NajO 621  58-53 

CO,  44-0  41-47 


1061  10000 

It  is  a  white,  opaque  salt,  of  specific  gravity  2*407  at  20°  C.  (Pavre 
and  Valson),  2-6459  (Karsten),  2509  (Pilhol),  of  2509  at  20° 
and  2*041  on  fusing  (Quincke).  It  melts  at  a  moderate  red  heat, 
somewhat  more  easily  than  potassium  carbonate ;  Camelly  ( Joum. 
Chem.  Soc.  1878,  ii.  p.  280)  places  its  melting-point  at  814°,  that 
of  E3CO3  at  834°.  In  doing  this  it  always  loses  a  little  carbonic 
acid  (viz.  at  a  "  yellow  heat ''  1-34  to  1-38  per  cent.) ;  at  a  ''red 
heat ''  all  the  CO,  is  absorbed  again  except  0*54.  On  heating  by  a 
gas  blowpipe  the  loss  of  carbonic  acid  rises  to  1*75  per  cent.,  if  the 
salt  is  in  the  atmosphere  of  the  products  of  combustion,  rich  as 
these  are  in  carbonic  acid ;  otherwise  the  loss  of  CO,  is  proportional 
to  the  length  of  time  of  heating.  Aqueous  vapour  expels  some  CO, 
from  sodium  carbonate  melting  in  a  platinum  vessel,  NaOH  being 
formed.  Charcoal  at  a  white  heat  decomposes  it  into  metallic 
83dium  and  carbonic  acid.  Sulphur  acts  upon  it  at  275°  C,  sodium 
sulphide  and  hyposulphite  being  formed. 

It  is  prepared  in  the  pure  state  by  heating  the  pure  crystallized 
salt ;  this,  however,  is  somewhat  inconvenient,  as  the  salt  first  melts 
in  its  water  of  crystallization.  It  is  more  conveniently  obtained  by 
igniting  pure  sodium  bicarbonate,  all  the  more  easily  since  the  latter 
salt  can  be  readily  obtained  perfectly  pure  by  washing  commercial 
bicarbonate  with  distilled  water ;  the  crystallized  salt  is  just  in  this 
way  itself  obtained  in  the  easiest  manner,  by  redissolving  the  calcined 
pure  salt.  When  brought  into  contact  with  water,  dry  NajCO^  gets 
heated  and  then  dissolves.  It  crystallizes  firom  solution  with  different 
qu^mtities  of  water,  (1st)  according  to  the  temperature  of  evapora- 
tion, and  (2ndly)  according  to  whether  the  solution,  prepared  at  a 
boiling  heat,  in  cooling  down  is  freely  exposed  to  the  air  or  not. 
The  hydrates  are  : — 

1st.  Monohydrate  (NajCOs,  H3O).  Molecular  weight  124*1; 
85-49  per  cent.  Na^COs,  14*51  per  cent.  H3O.  Found  in  the 
natural  state  as  ThermonatrUe,     Hardness  1  to  1*5 ;  spec,  gravity 
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1*5  to  1*6.  Is  precipitated  on  boiling  down  an  aqueous  solution ; 
crystallizes  also  on  the  cooling  of  a  saturated  aqueous  solution 
above  30P  C,  or  if  the  decahydrated  salt  is  kept  melted  some  time 
in  its  water  of  crystallization.  (According  to  Thomsen  this  is  di- 
hydrated  salt.)  It  also  remains  behind  when  the  hydrates  richer 
in  water  effloresce  in  the  air  at  37°'5  C.  It  forms  crystals  of  the 
rhombical  system^  partly  of  a  tabular^  partly  of  a  prismatic  charac- 
ter. On  heating  it  does  not  melt^  but  loses  its  water  between  87^ 
and  100^,  and  dilapses  to  a  fine  powder.  In  the  air  it  absorbs 
water  and  (according  to  Schindler)  carbonic  acid.  At  104^  it  is 
less  soluble  in  water  than  at  38°.  On  heating  the  solution  satu* 
rated  at  38°  C.  to  the  boiling-point  a  portion  of  the  salt  is  precipi- 
tated^ and  redissolves  on  cooling  in  a  closed  vessel ;  at  15°  or  20°  C. 
this  solution  contains  52*41  parts  NajCOs  to  100  HsO. 

2nd.  Dihydrated  salt  (NajCOs,  2H,0),  according  to  Thomsen 
(Deutsch.  chem.  Ges.  Ber.  xi.  p.  2042)^  is  formed  as  mentioned 
above. 

3rd.  Trihydrated  salt  (NaaCOs,  3H2O),  according  to  Schieken- 
dantz^  is  found  as  efflorescences  in  dry  places  of  the  beds  of  rivers 
in  the  Cordilleras.     It  loses  1  molecule  of  water  on  keeping. 

4th.  Pentahydrated  salt  (Na^COa,  5  H^O)  (with  46*89  per  cent. 
H2O)  is  formed  &om  the  decahydrated  salt  on  efflorescing  in  the 
air  at  12^°  C. ;  also^  on  melting  the  former  salt  and  pouring  off  the 
Uquid  portion^  it  crystallizes  from  the  liquid  above  33°  C. 

5th.  Hexahydrated  salt  has  been  obtained  by  Mitscherlich  from 
a  solution  of  Na^S  in  the  air. 

6th.  Heptahydrated  salt  (NajCOs,  7HsO).  Molecular  weight 
2321 ;  contains  26*75  NasO,  18*96  CO3,  and  54*29  per  cent.  H3O. 
Obtained  on  melting  and  slowly  cooling  the  decahydrated  salt^  or 
from  an  aqueous  solution  saturated  while  hot^  especially  if  sodium 
nitrate  and  chloride  are  present^  but  always  only  if  the  access  of  air 
is  restricted^  because  otherwise  the  decahydrated  salt  is  formed.  It 
crystallizes^  according  to  Loewel^  in  two  different  modifications : — • 

(a)  By  prolonged  boiling  of  a  saturated  aqueous  solution^  crys- 
tallizing at  10°-15°  C,  with  restricted  access  of  air  and  covering 
the  liquid  with  a  layer  of  previously  warmed  alcohol,  clear  trans- 
parent rhombohedra  are  formed,  which  in  the  air  turn  milk-white 
and  become  heated,  whilst  hardening  by  the  crystallization  of  the 
enclosed  mother  liquor  to  decahydrated  salt.  This  modification  is 
very  unstable. 


278  SODA. 

(i)  The  ordinary  salt,  obtained  also  by  Thomsen,  Rammelsbe^ 
and  Mari^ac,  crystallizes  from  soda  solu- 
tions saturated  while  hotj  on  cooling  in  corked  Rg- 168. 

bottles,  best  of  all  between  0°  md  l(f  C—       ^-;/r \^ 

sometimes  also  in  the  open  air.    Rectangular,     lf\/  /V""""^'"^ 

four-sided  plates  of  the  rhombical  system,      fT     TlY 

fig.  168,  showing  many  modifying  faces  on 

the  sides.     Spec,  gravity  1'51.     Does  not 

melt  completely  on  heating;   effloresces  in 

dry  Mr  and  at  30°,  or  in  the  presence  of  oil 

of  vitriol,  and  leaves  raonohydrated  saJt. 

7th.   Decahf/drated  salt  (NaaCOj,  lOHjO)  forma  the  ordinary 
crystal  soda  as  it  is  obtained  both  on  the  small  and  the  manufac- 
turing scale  by  the  cooling  of  concentrated  solntions  in  the  air. 
Molecular  weight  2861j   contains  21*71  per  cent.  Na,0,  1537 
per  cent.  CO,,  62*92  per  cent.  HjO.     It  is  obtained  in  a  pure  state 
from  commercial  soda  crystals  by  several  recrystallizations,  the  first 
time  adding  one  thousandth  part  of  Ume,  which,  on  being  precipi- 
tated as  carbonate,  clarifies  the  liquid.     It  is  beat  to  disturb  the 
crystallization,  because  the  finely  granular  salt  is  more  easily  sepa- 
rated from  the  mother  liquor  containing  chloride  and  sulphate. 
Ralston  obtained  from  impure  soda  a  pure  article  by  washing  with 
a  solution  of  pure  aoda.     For  analytical  purposes  it  is  best  obtained 
from  bicarbonate,  which,  owing  to  its  comparatively  slight  solu- 
bility, can  be  obtained  completely  free  from  chloride  and 
Bulplmte  by  washing  it  in  the  finely  granular  state  with       *' 
distilled  water,  and  which  on  being  dried  and  ignited 
leaves  chemically  pare  NajCOj,  from  which  the  deca- 
hydrated  salt  is  obtained  by  dissolving  and  crystallizing. 
It  forms  transparent  crystals,  as  clear  as  water,  of  the 
monocbnic  system,  fig.  159 ;  the  obtuse  edge  /  is  usually 
strongly  blunted,  ao  that  the  crystals  assume  a  plate-like 
habit ;  more  rarely  the  acute  edge  h  is  blunted.     It  is 
most  fissible  along  h,  less  so  along  e.    Different  chemists 
have  found  its  specific  gravity  from  1'423  to  1"475.     It 
liquefies  at  34°  C.  in  its  water  of  crystaUization,  secreting 
monohydrated  salt  and  leaving  a  liquid  portion  contain- 
ing upwards  of  10  molecules  of  water,  and  again  solidi- 
fying at  33^°  C .     It  effioresces  quickly  in  the  lur,  bat  not  at  a  tem- 
perature of  6°  to  12*  C.  if  the  dew-point  ia  Z°-S  to  3°-9  below  the 
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temperature  of  the  air ;  at  such  a  state  of  moisture  of  the  air^  on 
the  contrary,  anhydrous  salt  attracts  nearly  10  molecules  of  water 
in  six  weeks.  If  crystal  soda  effloresces,  at  12°'5  pentahydrated, 
at  38^  monohydrated  salt  remains  behind;  the  latter  also  in  a 
vacuum  beside  oil  of  vitriol,  or  lime  and  calcium  chloride.  "When 
this  salt  crystallizes  out  of  its  solution,  so  much  heat  is  liberated 
that  the  initial  temperature  of  30°  C.  remains  constant  for  a  long 
time. 

8th.  A  salt  with  15  molecules  of  water  (NajCOj,  15  H,0),  con- 
taining 71*79  per  cent,  of  water,  crystallizes  &om  a  saturated  solu- 
tion at  -20°  C. 

Solubility  of  Sodium  Carbonate. 

Anhydrous  Na^COs  dissolves  in  water  with  liberation  of  heat, 
decahydrated  salt  with  absorption  of  heat ;  on  mixing  40  parts  of 
soda  crystals  with  100  parts  of  water  the  temperature  is  lowered 
by  9°  C,  but  never  below  —  2°  C,  because  this  is  the  fireezing-point 
of  the  aqueous  solution.  The  maximum  solubility  for  solutions 
capable  of  secreting  decahydrated  salt  (that  is,  in  ordinary  circum- 
stances) seems  to  be  at  the  melting-point  of  this  salt,  at  34^  C. ; 
above  this  the  solubility  decreases.  According  to  Loewel,  100  parts 
of  water  dissolve  at 

QP        10°        15°        20°  25®         309         38°  104°  0. 

6-97     12-06     16-20     21-71       28-50      87-24      61-67      4547  Na,CO,. 

corresponding  to 
21-33     40^    63-20     92-82     14913     27364  114217     639-63  NajOOa,  lOHaO. 

According  to  Mulder  100  parts  of  water  dissolve  at 

0°         6°         10°        15°        20°        25°        30°        32°      32°-6  0. 
7-1        9-6        12-6        16-6       21-4        28-0       381        466        69Na^OO,. 


between  34°  &  79° 

at  80° 

86° 

90° 

95° 

100° 

46-2 

45-9 

46-7 

45-6 

46-4 

451 

The  boiling-point  of  the  saturated  solution,  according  to  Mulder, 
is  105°;  according  to  Kremers,  106°  C. 

The  percentage  of  solutions  of  sodium  carbonate  for  different 
specific  gravities  is  as  follows. 

Ist.  According  to  Gterlach ;  temp.  15®  C. : — 


' 


280 


SODA. 


Feroontage  in 

100  parte  of  the 

Bolution  by  weight. 

1 

Spec.  gnr.  of 
the  solution  for 
•    Na,CO,. 

101050 

Spec.  gray,  of 
the  solution  for 
NajOO,,  lOH^O. 

1-004 

2 

1-02101 

1008 

3 

103151 

1-012 

4 

1-04201 

1-016 

5 

105255 

1020 

6 

1-06309 

1023 

7 

1-07369 

1-027 

8 

1-08430 

1031 

9 

1-09500 

1035 

10 

1-10571 

1039 

11 

1-11655 

1043 

12 

1-12740 

1047 

13 

1-13845 

• 

1050 

14 

114950 

1-054 

15 

1-058 

16 

1062 

17 

1-066 

18 

1070 

19 

1-074 

20 

1-078 

21 

1-082 

22 

1-086 

23 

1090 

24 

1094 

25 

• 

1099 

26 

• 

1-103 

27 

1106 

28 

1-110 

29 

1114 

30 

1119 

31 

1-123 

32 

1126 

33 

1-130 

34 

1135 

35 

• 

1*139 

36 

1-143 

37 

1-147 

88 

1-150 
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2nd.  According  to  SchiflF.    Temp.  23°  C. 

Spec.  gny. 

Per  cent,  of 

oryBtallized 

Bait. 

Per  cent  of 

anhydrous 

salt 

Spec.  grav. 

Per  cent,  of 

crystallized 

salt. 

Per  cent  of 

anhydrous 

salt 

1-0038 

1 

0-370 

M035 

26 

9-635 

1-0076 

2 

0-747 

1-1076 

27 

10-005 

1-0114 

3 

1112 

1-1117 

28 

10-376 

1-0153 

4 

1-482 

1-1158 

29 

10-746 

1-0192 

6 

1-853 

1-1200 

30 

11-118 

1-0231 

6 

2-223 

1-1242 

31 

11-488 

10270 

7 

2-594 

1-1284 

32 

11-859 

1-0309 

8 

2-965 

1-1326 

33 

12-230 

1-0348 

9 

3-335 

1-1368 

34 

12-600 

1-0388 

10 

3-706 

1-1410 

35 

12-971 

1-0428 

11 

4-076 

1-1452 

36 

13-314 

1-0468 

12 

4-447 

1-1494 

37 

13-712 

1-0508 

13 

4-817 

1-1536 

38 

14-082 

1-0548 

14 

5-188 

1-1578 

39 

14-453 

1-0588 

16 

5-558 

1-1620 

40 

14-824 

1-0628 

16 

5-929 

1-1662 

41 

15-195 

1-0668 

17 

6-299 

1-1704 

42 

15-566 

1-0708 

18  • 

6-670 

•1-1746 

43 

15-936 

1-0748 

19 

7-041 

1-1788 

44 

16-307 

1-0789 

20 

7-412 

1-1830 

45 

16-677 

1-0830 

21 

7-782 

1-1873 

46 

17-048 

10871 

22 

8-153 

1-1916 

47 

17-418 

1-0912 

23 

8-523 

1-1959 

48 

17-789 

1-0953 

24 

8-894 

1-2002 

49 

18-159 

1-0994 

25 

9-264 

1-2046 

50 

18-530 
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3rd.  Volumes  of  the  5, 10,  and  15  per  cent,  solutions  of  Na^COs 
between  0^  C.  and  their  boiling-points  (Gerlach). 


Temperature. 

5  per  cent. 

10  per  cent. 

15  per  cent 

o 

0 

10000 

10000 

10000 

5 

10008 

10014 

10016 

10 

10018-5 

10029 

10032-5 

15 

10031 

10045 

10051 

20 

10045 

10062 

10070 

25 

10062 

10081-5 

10090 

SO 

10080 

10101 

10112 

35 

10099 

10122 

10136 

40 

10119 

10144 

10160 

45 

10141 

10168 

10185 

50 

10165 

10192 

10210 

55 

10191 

10220 

10236 

60 

10220 

10246 

10263 

65 

10249 

10275 

10290 

70 

10278 

10304 

10318 

75 

10308 

10334 

10348 

80 

10339 

10364 

10379 

85 

10370 

10395 

10409 

90 

10402 

10426 

10439 

95 

10433 

10455 

10468 

100 

10464 

10488 

10499 

at  boiling-point 

10468 

10494 

10510 

Temperature 

(100*>-5  0.) 

(lOP-1  0.) 

(101°-8  C.) 

Sodium  sesquicarbonate  i^KfiJ^ijd^,  3  H^O) .  Mol.  weight  328*2 ; 
contains  2Na,0=37-85  per  cent.,  3  00^=4022  per  cent.,  4H2O 
=21*93  per  cent.  It  is  found  in  nature  as  trona  or  uraoy  and  is 
obtained  artificially  by  quickly  boiling  down  a  solution  of  bicarbo- 
nate, so  that  this  loses  CO^,  and  in  other  ways.  Trona  forms 
transparent  brilliant  monoclinic  prisms ;  urao  is  semitransparent, 
of  foUaceous  and  radiated  texture  and  conchoidal  fracture,  alkaline^ 
and  not  efflorescent.  The  artificial  crystals  are  also  stable  in  the 
air.  Their  solubility  is  between  that  of  monocarbonate  and  bi- 
carbonate. 
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/OH 
Sodium  bicarbonate  J  NaHCOg=COs^^  .      Molecular  weight 

168*1 ;  contains  36*94  per  cent.  Na^O^  52*36  per  cent.  CO<p  and 
10*70  per  cent.  HjO.  It  is  always  obtained  by  the  action  of  COg 
on  ordinary  sodium  carbonate^  and  contains  nearly  always  a  little 
of  the  latter  salt ;  if  completely  free  from  it^  it  does  not  redden 
turmeric  and  does  not  precipitate  a  very  dilute  solution  of  mercuric 
chloride^  whilst  the  latter  in  the  presence  of  monocarbonate  gives 
a  red  precipitate.  The  best  test^  according  to  Hager,  is  mercurous 
chloride  (calomel) ;  0*5  gram  HgjClg,  mixed  with  1  gramNaHCOg 
and  1*5  gram  water^  and  shaken  up^  does  not  blacken  in  24  hours 
in  the  absence  of  monocarbonate^  but  in  its  presence  it  turns  more 
or  less  grey. 

The  salt  occurs  in  monoclinic  tables^  usually  combined  into 
crusts  (fig.  160).  It  has  a  somewhat  alkaline  taste  ;  if  entirely 
free  from  NaHCOg,  it  does  not  change  turmeric  (as  j,.  -^^ 
mentioned),  but  it  reddens  blue  litmus.  Specific  gravity 
2-163  to  2-2208.  On  ignition  it  loses  water  and  half 
of  its  CO^,  altogether  36-86  per  cent.,  and  changes  into 
Na^COg.  The  crystals  remain  unchanged  in  dry  air ;  in 
damp  air  they  gradually  turn  opaque  and  alkaline ;  the 
powdered  salt,  after  twelve  months'  exposure  to  the  air, 
is  converted  into  sesquicarbonate.  If  moistened  with 
a  little  water,  the  salt  loses  CO^  in  the  air  even  below 
0°  C,  but  the  more  quickly  the  higher  the  temperature, 
till  it  has  been  converted  into  monocarbonate  and  dis- 
solved. Its  solution  in  14  parts  of  water  keeps  un- 
changed in  the  air ;  in  vacuo,  however,  it  constantly  gives  off  car- 
bonic acid  and  loses  13*94  per  cent. — that  is,  about  one  fourth  of 
its  total  COg.  By  long-continued  boiling  20*46  per  cent,  carbonic 
acid  out  of  its  52*43  are  driven  off  (Rose) ;  ultimately  monocarbo- 
nate would  remain.  Already  at  7(f  C.  sesquicarbonate  is  ultimately 
formed.  Its  solubility,  according  to  Poggiale  (Ann.  Chim.  Phys. 
[3]  viii.  468),  is  as  follows  : — 100  parts  of  water  dissolve  at 


0<' 

10° 

20° 

30* 

40° 

60° 

60° 

70°  0. 

7-92 

8-88 

9-84 

10-80 

11-76 

12-72 

13-68 

14-64  parU. 

Both  Mulder  and  Dibbits  have  pointed  out  that  Poggiale's  esti- 
mations cannot  be  reliable,  since  at  70®  C.  the  compound  cannot 
exist  at  all. 
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At  15°  C,  the  tension  of  the  carbonic-acid  gas  in  saturated  solu- 
tions of  the  salt  is  already  120  millims.  From  his  exact  estima- 
tions, undertaken  with  special  precautions  against  any  loss  of  CO^, 
Dibbits  (Joum.  prakt.  Chemie  (2)  x.  417)  has  calculated  the  fol- 
lowing table : — 


100  parts  of  water  diflsolye 

at 

1 

parts 
NaHCO,. 

1 

at 

parts 
NftHOOj. 

at 
32 

parts 
NaHCO,. 

at 

0  0. 
48 

parti 
NaHOO,. 

0  0. 
0 

6-90 

°0. 
16 

900 

11-40 

1410 

1 

7-00 

17 

915 

33 

11-55 

49 

14-80 

2 

710 

18 

930 

34 

1170 

50 

14-45 

3 

7-20 

19 

9-40 

35 

11-90 

51 

14-65 

4 

7-36 

20 

9-60 

36 

1205 

52 

1485 

5 

7-46 

21 

9-75 

37 

12-20 

53 

15-00 

6 

7-60 

22 

990 

38 

12-35 

54 

15-20 

7 

770 

23 

10-06 

39 

12-50 

55 

15-40 

8 

7-85 

24 

10-20 

40 

1270 

56 

15-60 

9 

8-00 

25 

10-36 

41 

12-90 

57 

16-80 

10 

8-15 

26 

10-50 

42 

13-05 

58 

16-00 

11 

8-25 

27 

10-65 

43 

13-20 

59 

16-20 

12 

8-40 

28 

10-80 

44 

13-40 

60 

16-40 

13 

8-55 

29 

10-95 

45 

13-55 

•  *• 

••• 

14 

870 

30 

11-10 

46 

1375 

•  *• 

••• 

15 

8-85 

31 

11-25 

47 

13-90 

•  ■  • 

•  •• 

Latterly  the  fact  that  sodium  bicarbonate  is  hardly  at  all  soluble 
in  a  saturated  solution  of  sodium  chloride  (or  of  sodium  sulphate, 
or  a  mixture  of  both)  has  acquired  great  importance ;  for  the  manu- 
fisu^ure  of  soda  by  the  ammonia  process  is  founded  upon  it. 

Natural  Occuk&ence  of  the  Sodium  Cabbonates. 

The  sodium  carbonates  are  found  widely  dispersed  in  nature,  of 
course  containing  water  and  mixed  with  other  salts,  as  constituents 
of  many  minerals,  especially  of  some  mineral  waters  (Aix-la- 
Chapelle,  Karlsbad,  Vichy;  the  Karlsbad  springs  are  said  to  pro- 
duce annually  6685  tons  I^slJCO^  and  10,285  tons  NasS04),— 
further,  in  the  natron-lakes  of  Hungary,  Egypt,  Central  Afiricai  in 
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the  steppes  between  the  Black  Sea  and  the  Caspian^  in  the  large 
North-American  plain  between  the  Alleghanies  and  the  Rocky 
Mountains^  in  Mexico,  Sonth  America,  &c., — also  as  efflorescences 
{natron,  trona,  urao)  in  many  places,  especially  as  crusts  in  the 
neighboorhood  of  natron-lakes. 

The  soda  in  these  cases  is  derived  from  various  sources — ^for  in- 
stance, from  the  weathering  of  some  minerals  and  rocks  (Kayser 
found  on  weathered  slate  at  Clausthal  a  crust  containing  92  per 
cent.  NagCOs — see  Liebig^s  Jahresb.  1850,  p.  759),  from  the  action 
of  common  salt  on  limestone  (with  formation  of  CaCl^  and  Na^COg),  . 
from  the  decay  of  plants  containing  organic  soda  salts,  &c.  Cloez 
(Compt.  Rend.,  June  10th,  1878)  considers  magnesium  bicarbonate 
a  principal  agent  in  the  formation  of  trona  &c. ;  he  says  that  its 
solution,  together  with  that  of  sodium  chloride,  decomposes  at  the 
ordinary  temperature  into  MgCl^  and  sodium  bicarbonate  or 
sesquicarbonate.  He,  however,  appeals  only  to  laboratory  ex- 
periments, and  does  not  say  what  becomes  of  the  magnesium 
chloride. 

The  water  chained  with  soda  salts  under  favourable  conditions 
collects  in  ponds  and  lakes  which  in  summer  sometimes  dry  up 
entirely  and  leave  the  salts  as  crusts  on  their  bottoms,  mostly  in  a 
crystalline  form,  more  or  less  coloured,  frequently  transparent  or 
semitransparent.  In  other  cases  the  subsoil  moisture  is  concen- 
trated by  evaporation  by  the  heat  of  the  sun  in  summer  time ;  more 
moisture  is  sucked  up  by  capillary  action;  and  thus  ultimately 
efflorescences  in  greater  or  less  quantity  are  formed,  which  fre- 
quently contain  a  good  deal  of  soda. 

The  oldest  known  occurrence  of  natural  soda  is  that  in  Lower 
Egypt  (d'Arcet,  Compt.  Rend.  Sept.  1845 ;  Landerer,  Wagner's 
Jahresb.  1858,  p.  68) .  There,  ii^  the  desert  near  Memphis  and 
Hermopolis,  in  a  valley  five  miles  to  the  west  of  the  Nile,  are  nine 
shallow  lakes,  ranging  from  the  size  of  a  pond  to  five  miles  length 
by  one  and  a  half  mile  width ;  the  largest,  Nehele,  has  a  depth  of 
20  feet.  These  lakes  are  fed  by  a  large  number  of  small  salt 
springs,  which  only  show  1^°  or  2°  Tw.,  whilst  the  liquid  in  the 
lakes  themselves  shows  48°  to  52°  Tw.,  owing  to  evaporation  by 
the  sun.  They  are  partly  coloured  red,  and  contain  sodium  chlo- 
ride, sometimes  Epsom  salts,  and  but  few  of  them  sodium  carbonate 
also.  In  summer  the  small  lakes  dry  up  entirely,  the  larger  ones 
on  their  margins,  and  leave  crusts  of  salt,  mixed  with  a  clayey  mud 
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{sottanSe) .  In  8ome  of  the  lakes  bottom  deposits  are  said  to  have 
gradually  formed^  whose  upper  portion,  16  feet  thick,  consists  es- 
sentially of  NaCl,  whilst  the  lower  one,  17  feet  thick,  contaius 
sodium  carbonate.  The  aboye-mentioned  crusts,  which  are  15  to 
18  inches  thick,  are  pushed  off  by  means  of  poles  and  spades,  spread 
out  to  dry  on  the  banks,  and  carried  in  baskets  to  the  Nile,  whence 
the  salt  is  shipped  to  other  parts.  It  is  called  "  latrom  "  in  the 
Levant  and  in  Greece ;  the  Egyptians  use  it  to  soften  their  yery 
hard  drinking-water  by  precipitating  its  Ume  and  magnesia  salts^ 
the  water  being  afterwards  filtered.  Its  principal  use  is  in  Crete  for 
soap-making.  Besides  sodium  carbonate  it  contains  sodium  sul- 
phate and  chloride,  sand^  and  water.  From  Alexandria  yearly 
about  2500  tons  are  exported,  on  the  average  at  6  francs  90  centimes 
per  50  kilograms. 

The  salt  lakes  in  the  Araxes  plain  in  Armenia,  in  the  volcanic 
region  of  the  Ararat,  in  connexion  with  the  neighbouring  deposits 
of  rock-salt,  have  been  examined  chiefly  by  Abich.  There  crusts 
are  found  both  on  the  bottom  and  drifting  on  the  water  like  ice- 
flakes.     Abich  states  their  composition  as  follows : — 


Lake  of 

Taach- 

Burun. 

CniBts 

from  the 

same. 

Lake 

with 
reddinh 
water. 

Crasts 

from  the 

same. 

Flakes 
from  the 
surface. 

Yellow 

pools 

without 

crusts. 

NaoOO, 

0-69 
0-99 
4-97 

•  •  ■ 

93-36 

22-91 
16-05 
5i-49 

trace. 

ft 

9-88 

3-70 

6-67 

21-36 

•  •  • 

69-37 

16-09 
80-66 

1-62 
trace. 

0-56 

18-42 
77-44 

1-92 
trace. 

1-18 

23-91 
5-39 
5-38 

•  •  • 

65-29 

^^l«j|V>_rg    ............ 

Na^SO, 

NaCa 

Mn20„MgO 

Water    

100-01 

100-33 

100-00 

98*82 

98-96 

99-97 

The  water  of  the  lake  of  Wan  contains^  according  to  Chan- 
courtois : — 


NagCOg 0-861 

NaCl 0-938 
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Na^SO^ 0-338 

K«S04    0055 

MgCOg 0055 

SiO«  0018 

Fe^Og trace. 

HgO  97-740 

Natron  lakes  are  also  found  in  Persia^  Thibet^  Tartary^  Mon- 
golia^ and  Cliina. 

Bather  different  from  snch  lake-deposits  is  the  soda  occurring 
as  efflorescences  on  the  ground — called  in  Egypt  trona^  consisting 
essentially  of  sodium  sesquicarbonate,  and  of  which  the  following 
are  analyses : — 

Popp. 

Laugier.      Klaproih.       • * ^ 

a.         b,         c. 

Sodium  sesquicarbonate 22*4  326  64*3    32*20  2615 

„       Bolphate 18-3  208  75    24-00  6605 

„       chloride 38-6  15  84    33-30  263 

Water  14  31-6  22-6      887  4-05 

Insoluble 6  ...  2-96    135  040 

Bemy  found  in  it  sodium  monocarbonate  18*43^  sesquicarbonate 
47*29,  sulphate  2*15,  chloride  8*16,  calcium  sulphate  0*20,  traces 
of  magnesium  carbonate^  boric  acid,  and  organic  substances,  in- 
soluble 4-11,  water  19-67. 

In  the  oasis  of  Fezzan  in  the  Sahara  there  are  natron-lakes,  of 
which  the  largest  is  800  metres  long  and  180  metres  wide,  and  con- 
tains islands  of  solid  trona. 

The  following  analyses  show  its  composition : — 

ir,        .u  Joffiro  (Bull.  Soc 

Klaproth.  q^^^^  ^  jQg), 

NsaO 370  3941 

CO, 380  39-58 

HaO  and  loss 225  1952 

Sand   0-53 

FcaOg 001 

CaCOg 0-05 

NaCl 0-46 

Na3S04  2-5  0-44 
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In  Colombia  a  kind  of  soda^  called  vrao^  is  obtained  firom  a  lake^ 
in  which  it  crystallizes  in  the  hot  season^  also  haying  the  composi- 
tion of  sesqoicarbonate^  Na4C308+4  H^O.  According  to  Bonssin- 
gault^  Mexican  nrao  contains  41*2  CO^,  39  Na^O^  18*8  H^O, 
1  insoluble.  A  mineral  found  by  him  in  urao^  and  called  gaylussUe, 
consists  of  34-5  NajCOg,  33-6  CaCOg,  30*4  H«0,  and  15  insoluble 
(that  is,  NajCOg+CaCOs  +  SHgO) ;  it  is  found  in  considerable 
quantities  at  Lagunilla,  near  Merida  in  Maracaibo  (Venezuela) ; 
the  natives  call  it  "  clavos,'^  i.  e,  nails,  firom  the  form  of  its  crystals. 
Eighty  tons  of  it  are  collected  there  in  summer. 

In  the  mud  of  the  Loonar  Lake  in  India  (district  of  Nizzam), 
there  is,  formed  by  drying  in  summer,  a  firm  white  salt,  employed 
for  washing  and  soap-making,  which  is  said  to  contain  67  per  cent, 
sodium  carbonate,  2  per  cent.  NaCl,  and  31  per  cent.  H^O.  The 
soda  is  said  to  be  sesquicarbonate ;  but  Wallace  (Chem.  News, 
xxvii.  p.  205)  found  in  the  soluble  portion  nearly  equal  parts  of 
monocarbonate  and  sesquicarbonate.  The  following  are  his  analyses 
of  these  salt  efflorescences  : — 

Bulla      Nummuck      p.^.^       Bhoo«k«i 
Khar.         Bulla.         ^ap^^e.      iJnooBkee. 

Soluble  portion, 

NaaCOj*  65-26  724  35-61  2464 

CO^  in 6X0688* 7-36  CM  3*75  225 

K2OO3  0-27  ...  0-13 

NaOl 0-60  86-66  39*21  2017 

MgCl^   0*67  trac6.  trace.  trao6. 

OaSO^    trace.  trace.  trace.  trace. 

AlaO,  and  Ca,  (PO^)^ 060  060  0-60  030 

In&oluble  portion. 

OaCOg,  MgOOj,  Fe,0„  AlaO„SiOa  1*80  113  3-95  3016 

Organic  Bub8tanoe8  035  0*23  0'80  2*35 

Water  of  cry8tallization 23-20  360  1605  2013 

100-00        10000  100-00         100-00 

*  Correeponding  to  Na^OOa  2985  664  17-54  13-80 

and  Na^CjOg  42-76  2- 14  21  82  1309 


According  to  Pfeiffer^  a  greyish-brown  East-Indian  soda^  giving 
a  brown  solution^  contained : — 
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per  cent. 

Sand  and  silica  34*65 

Ferric  oxide  1'08 

Alumina. 0*26 

Lime •...•..  0*16 

Magnesia  0*30 

Soda,  Na«0  2259 

Potash,  1^0 2-65 

Carbon  dioxide,  COj 16-00 

Sulphur  trioxide  4*01 

Chlorine    079 

Water 1759 


10008 


Wagner   found  the  alkalimetrical  value  of   an  Indian  soda 
=  18*3  per  cent.  NsjCOj. 

In  Arabia  there  is,  on  the  east  coast  of  the  Red  Sea,  near  Aden, 
a  deposit  of  an  amorphous  mass,  greasy  to  the  touch,  of  soapy 
smell,  with  a  crystalline  core,  which  by  the  Arabians  is  called  duk- 
duka,  hurkay  or  karay  and  is  employed  mostly  for  adding  strength 
to  snuff,  more  rarely  for  washing ,-  it  costs  2«.  per  cwt.  Haines 
found  in  it  51  05  Na^^COj,  2494  NaCl,  with  traces  of  Na^SO,  and 
MgCl^,  19*66  water  and  oiganic  substances,  4*35  sand.  He 
supposes  the  sodium  carbonate  to  have  been  formed  from  sea- 
water  by  a  mutual  decomposition  of  CaCOj  and  NaCl  (Pharm. 
Joum.  (2)  V.  p.  226). 

Olszewsky  found  a  kind  of  soda  occurring  as  efSorescence  on 
walls,  composed  of  2029  Na^O,  1372  COj,  6061  H^O,  and  505 
insoluble — that  is,  almost  pure  decahydrated  crystal  soda;  Ritthau- 
sen  (Joum.  prakt.  Chemie,  cii.p.  375)  found  soda  of  a  similar  com- 
position. 

In  N^orth  America  enormous  quantities  of  alkali  are  found  in 
lakes  and  as  incrustations  in  the  great  desert  both  east  and  west  of 
the  Rocky  Mountains ;  a  portion  of  this  is  called  Alkali  Plain.  The 
Pacific  Railway  cuts  through  this  district  at  Laramie  (where  all  the 
rivers  and  brooks  are  saturated  with  alkaline  salts),  at  Wyonung, 
and  in  other  places.  In  California,  according  to  Phillips  (Chem. 
News,  xxi.  p.  83),  a  number  of  lakes  are  found  filling  the  craters 
of  extinct  volcanoes,  which  are  very  rich  in  salts.   Lake  Owen  has 
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water  of  sp.  gr.  1*076^  and  contains  in  a  gallon  7128  grains  total 
soUds ;  of  this  2942  are  NaCl,  956  Na3S04,  and  2914  NajCO,. 
Yellowish- white  crusts  on  its  banks  contain  2*14  per  cent.  NaCl^ 
310  Na5S04,  4610  NajCOs,  0*22  SiOjp  traces  of  potassium  salts, 
48'44  water  and  organic  substances. 

According  to  the  '  Chemical  News '  of  March  18th,  1870  (xxi. 
p.  129),  two  miles  north  of  Sand-Springs  Road,  50  miles  east  of 
Virginia  and  Goldhill,  an  inexhaustible  deposit  of  pure  soda  was 
stated  to  have  been  discovered ;  it  was  said  to  contain  80  per  cent, 
of  pure  Na^COs,  and  to  be  employed  for  soap-making,  in  the  me- 
tallurgical treatment  of  ores,  and  so  forth.  It  was  asserted  that  a 
million  tons  of  this  alkali  had  been  proved  by  a  shaft  and  a  drift ; 
but  nothing  has  since  been  heard  of  it. 

Fontey  (geologist  of  the  Union  Pacific  Company)  describes  alkali 
deposits  in  the  territory  of  Wyoming,  extending  over  200  and  310 
acres,  said  to  consist  of  nearly  pure  sodium  carbonate.  A  deposit 
of  400  acres  is  found  on  the  north  bank  of  the  Sweetwater  in  Car- 
bore  County,  Wyoming,  40  miles  from  Rawlings  (Zeitschr.  f.  chem. 
Grossgewerbe,  1877,  p.  102) . 

According  to  the  '  Chemiker-Zeitung,'  1878,  p.  845,  the  pro- 
prietors of  the  soda-lake  near  Ragtown  in  Nevada  obtain  every 
summer  about  300  tons  from  the  water  merely  by  spontaneous 
evaporation  in  shallow  basins.  The  raw  product  obtained  is 
carried  to  San  Francisco,  where  it  fetches  about  50  dollars  per 
ton. 

The  occurrence  of  natural  soda  in  Hungary  has  been  described 
in  Wagner's  Jahresb.  1862,  p.  223.  It  was  already  known  in  the 
times  of  the  Roman  dominion  as  a  product  of  efflorescence  on  the 
soil.  It  is  produced  by  the  decay  of  alkaliferous  sand,  under  the 
action  of  lime,  water,  and  air,  dissolved  in  the  moisture  remaining 
on  the  ponds  receding;  on  iurther  evaporation  crusts  of  crude 
alkali,  called  szeks6,  are  formed  on  the  ground.  Few  of  the  ponda 
themselves  contain  soda  in  any  considerable  quantity;  it  is  even 
found  in  places  remote  from  the  ponds  or  above  their  level.  Most 
of  the  szeks6  is  found  in  the  Debreczin  moor  between  the  Danube 
and  the  Theiss,  south  of  Kecskemet  as  far  as  Szegedin ;  here  alkali 
containing  70  to  75  per  cent.  NSf^COs  is  made  from  it,  whilst  frirther 
north  only  a  crude  article,  containing  6  to  15  per  cent.  Na^COg,  is 
got.  The  crude  salt  is  lixiviated,  boiled  down  in  iron  pans  by 
means  of  straw  fuel^  melted  in  the  pans,  and  poured  into  moulds.   It 
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is  generally  sent  for  sale  in  stony  pieces  of  bluish-white  colour ; 
sometimes  it  is  only  dried  and  powdered.  In  1852  still  280  tons 
of  70  to  75  per  cent,  were  made,  in  1858  only  150,  because  the 
article,  with  higher  wages  and  dearer  fuel  and  the  uncertainty  of 
its  composition,  could  not  compete  with  artificial  soda.  J.  Moser 
(Liebig's  Jahresb.  1859,  p.  812)  found  in  100  parts  of  szekso  :— 

Na,0 8-03 

K3O   3-12 

CaO    272 

MgO trace. 

AlgOs  and  Fe^Oj   2*33 

SOj    3-48 

SiOj  1-04 

H,0   15-50 

Insoluble  in  NOaH  5499 

COjandlos^ 879 

Schapringer  (Dingl,  Joum.  clxxxix.  p.  495)  found  in  two  brands 
of  Hungarian  soda  from  Kalocsa : — 

a.  b. 

NajCOs 28-87  40-25 

NaCl 3100  53-93  . 

Na,S04 0-13  0-45 

CaS04  0-39  1-54 

Clay  and  sand  ...  0*41  1*45 

H2O  3904  209 

Loss 0-16  029 

a  was  a  crude  product,  b  a  ''refined'^  and  ground  product,  at 
much  too  high  a  price  for  its  value. 

A  specimen  of  Debreczin  soda  analyzed  by  Volland,  which  con- 
tained 89-8  per  cent.  Na^COs,  was,  at  any  rate,  far  above  the 
average  of  that  article. 

Soda  fkom  the  Ashes  op  Plants. 

Most  plants  contain,  of  the  two  principal  alkalies,  chiefly  potash, 
and  consequently,  on  burning,  fiimish  crude  potassium  carbonate. 
There  are,  however,  certain  species  to  which  soda  is  essential  for 
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their  growth ;  accordingly  these  are  found  near  salt  springs^  in  salt 
steppes^  and  especially  on  the  sea-shore.  Down  to  the  end  of  the 
last  century  all  the  soda  of  commerce,  except  trona,  was  made  from 
the  ashes  of  sea-shore  plants.  It  is  remarkable  that  the  plants 
growing  in  the  sea  itself,  fucus  especially,  do  not  answer  this  pur- 
pose ;  their  ashes,  called  kelp  or  varec,  contain  very  little  alkaline 
carbonate,  and  are  not  worked  on  account  of  this,  but  for  potassium 
sulphate  and  chloride  and  especially  for  iodine. 

The  soda-plants  proper,  growing  on  the  sea-shore  and  to  a  cer- 
tain distance  inland,  convert  the  sodium  chloride  of  sea- water,  at 
least  partly,  into  oxalate,  tartrate,  and  other  organic  soda  salts, 
which  on  being  incinerated  yield  carbonate.  Those  growing  in 
Europe  belong  for  the  most  part  to  the  family  Atripliceae ;  and  the 
most  important  are: — Atriplex  porttdacoides ;  sundry  species  of 
Chenopodium;  Salsola  soda,  kali,  trafftis,  arenaria,  clavifolia,  ver^ 
miculata,  brachiata ;  Salicomia  arenaria,  europnea ;  Kochia  sedoides. 
To  other  families  belong  Statiee  limonium  (Flumbagineae)  and 
Trighchin  maritimum  ( Junceae),  together  with  (in  warmer  climates 
especially)  some  Ficoideae — Reaumeria,  Tetragonia,  Nitraria,  Me' 
sembryanthemum  {crystallinum) . 

Wherever  alkali  is  made  from  these  plants,  they  are  carefully 
selected  according  to  the  strength  of  their  ashes ;  the  best  of  them 
are  grown  for  the  purpose.  The  manufacture  of  soda  from  this 
source  used  to  be  carried  on  on  the  Scotch  and  Irish  coasts — ^and, 
to  a  much  greater  extent,  has  been  continued  to  the  present  time 
on  the  coasts  of  the  Mediterranean,  in  Sicily,  Sardinia  (where  in 
1862,  according  to  Landerer,  upwards  of  5000  tons  per  annum  were 
produced),  in  Spain  (especially  in  the  province  of  Valencia),  in 
Morocco,  in  Teneriffe, — also  in  the  steppes  of  South  Russia  and 
Armenia.  The  importance  of  a  proper  selection  of  the  plants  has 
been  shown  by  Becker's  observations.  According  to  these  the 
richest  ashes  contain  the  following  percentages  of  sodium  carbonate 
— Salsola  clavifolia  45 '99,  8.  soda  40*95,  S.  kali  34'00,  8.  brachiata 
26*26,  Halicnemum  capsicum  36'79,  Kochia  sedoides  30*84 ;  on  the 
other  hand,  the  ashes  of  Schoberia  acuminata,  growing  in  the 
Russian  steppes  along  with  the  above  species,  contain  only  7*2  per 
cent.  NaaCOs  (Wagner's  Jahresb.  1859,  p.  155). 

The  method  of  obtaining  alkali  from  these  plants  is  very  simple. 
They  are  collected  at  a  convenient  season,  dried  in  the  air  and  sun, 
and  incinerated  in  pits  1  or  1^  yard  square,  with  paved  bottom. 
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First  a  fire  is  made  with  the  driest  stoek ;  and  it  is  kept  up^  hj  suc- 
cessively putting  on  more  material^  for  several  days  without  inter- 
ruption; so  that  only  a  small  quantity  is  burnt  at  a  time^  and  with 
ready  access  of  air.  The  ashes  collecting,  being  kept  well  together 
in  the  pit,  gradually  get  up  to  a  red  heat  and  assume  a  pasty  con- 
dition, in  which  they  are  well  worked  up  with  tools ;  and  on  cool- 
ing they  are  broken  up  into  large  lumps,  which  are  further  crushed 
for  sale. 

In  lieu  of  the  pits,  Pellieux  and  Maz^-Launay  employ  a  furnace, 
which  permits  continuous  work  and  utilizing  the  products  of 
combustion  for  drying  the  plants  (Fucus).  Sixty  tons  of  green 
fucus  in  24  hours  yield  3  tons  of  crude  alkali  (properly  speaking, 
kelp),  with  an  expenditure  of  8  or  10  cwt.  of  coals. 

The  product  made  in  the  pits  varies  much  in  colour,  mixture  with 
particles  of  charcoal,  &c.,  according  to  the  treatment  and  to  how 
the  process  has  been  going  on.  Thus  varieties  arise  eyen  with 
soda  coming  from  the  same  place  and  made  in  the  same  way ;  for 
instance,  in  France,  the  names  scmde  dotice,  milangie^  bourde  are 
used  for  Spanish  soda.  The  principal  descriptions,  however,  are 
distinguished  by  the  place  of  manufacture,  which  at  the  same  time 
also  determines  the  manufacturing  process  and  the  species  of  plants 
employed. 

The  Spanish  soda  has  always  been  considered  the  best;  and  its 
special  name,  ^' barilla,'^  has  been  conferred  upon  all  soda  made 
fix>m  plants.  Even  artificial  soda  was  in  England  first  called 
'*  British  barilla.'^  According  to  Knapp,  the  word  ^'  barilla  ^'  means 
the  plants  grown  for  this  purpose  {barilla  or  varilla  in  Spanish 
means  brushwood);  according  to  others  that  name  comes  from 
'^  baril,''  cask  or  barrel.  This  article  also  goes  in  the  trade  by  the 
names  of  Alicante,  Cartagena,  and  Malaga  soda.  It  consists  of 
firm,  fluxed,  dark  ash-grey  or  blue-grey  masses,  containing  25  or 
30  per  cent,  of  sodium  carbonate.  It  is  hard  and  difficult  to  crush, 
and  has  a  sharp  alkaline  taste.  It  is  obtained  from  plants  specially 
grown,  which  are  sown  towards  the  end  of  the  year,  harvested  in 
the  September  following,  and  then  incinerated  in  the  way  described. 
According  to  Schwarzenberg,  p.  266,  they  are  sown  in  May  and 
gathered  in  August. 

Of  the  three  varieties  of  Alicante  soda  the  sonde  douce  is  a  well 
fluxed  ash-like  mass  with  20  to  25  per  cent.  NajCOs ;  the  m^langSe 
a  blackish  honeycombed  mass  with  sharp  fracture;  the  bourde  a 
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low  quality^  mixed  with  many  particles  of  coal  and  containing  mnch 
common  salt  and  earthy  constituents.  The  Malaga  and  Cartagena 
barilla  appears  in  the  trade  in  lai^e^  heavy  blocks  of  grey  colour^ 
mixed  with  white^  green^  and  black  spots ;  it  contains  about  14  per 
cent.  NaaCOj. 

In  the  south  of  France  two  different  qualities  are  obtained — the 
''salicor^'  or  Narbonne  soda  (from  Salicomia  annua)  with  14  or  15 
per  cent.  NajCOs,  and  the  *' blanquette ''  or  ''sonde  d'Aigues- 
Mortes  ^^  from  several  other  places^  made  from  various  other  species 
{Salicomia  europaa,  Atriplex  portulacoides,  A.  traguSy  A.  kali, 
Statice  limonium)  with  only  4  to  10  per  cent.  Na^COs.  Still  less 
sodium  carbonate  is  contained  in  the  varec  from  the  north  of 
France,  and  the  Scotch  and  Irish  kelp — ^which,  however,  properly 
speaking,  do  not  count  as  ''soda^^  at  all;  but  there  are  several 
descriptions  of  varec  which  contain  next  to  no  iodine  and  all  the 
more  sodium  carbonate,  and  kelp  was  in  England  and  Scotland  a 
source  of  the  latter  up  to  the  beginning  of  this  century. 

The  soda  from  Teneriffe  is  the  ashes  of  Mesembryanthemufn 
crystallinum ;  it  consists  of  large,  irregular,  dark  grey  lumps,  and 
contains  about  20  per  cent.  NasCOs. 

Since  veget0.ble  soda  or  barilla  is  only  fluxed  ashes,  not  purified 
by  lixiviation,  it  contains  all  the  inorganic  constituents  of  the 
plants ;  consequently,  on  treatment  with  water,  it  always  yields  a 
large  amount  of  insoluble  residue  of  calcium,  magnesium,  iron 
compoimds,  &c.  The  portion  soluble  in  water  contains,  along  with 
sodium  and  potassium  carbonates,  the  sulphates  and  chlorides  of 
both  alkalies,  and  a  small  quantity  of  alkaline  sulphides  and  hypo* 
sulphites,  formed  by  reduction  from  the  sulphates  during  the 
incineration.  Sometimes  common  salt  is  mixed  with  this  soda,  as 
it  is  alleged,  in  order  to  make  it  more  suitable  for  soap-makers ;  or, 
plainly  speaking,  it  is  adulterated  with  salt.  Exact  analyses  are 
given  in  the  following  table. 

In  1834  there  were  still  12,000  tons  of  barilla  imported  from 
Spain  into  England,  in  1850  only  1744  tons,  in  1856  2730  tons, 
and  in  1864  1262  tons. 
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Analyses  of  Vegetable  Soda^  according  to  Girardin 
( Joum.  pr.  Chemie,  xxxvi.  p.  123) . 


From 
Alicante 

(soude 
bourde). 

Cherbourg  (varec). 

Villette 
(yareo). 

Unknown  origin. 

Ghranyille 
(yareo). 

a. 

6. 

a. 

6. 

NaoOO, 

2-00 

•  •• 

•  •  • 

6500 

•  «  • 

3-00 

•  •  • 

80O0 

•  •  • 

•  •• 

9-53 
2219 
16-00 
45-78 

•  •  • 

1-50 
trace. 

•  •  • 

5-00 

•  •  • 

3-71 
42*54 
19-64 
25-38 

•  •  • 

0-73 
trace. 

•  •• 

800 
.  •  • 

13-76 
20-35 
10-53 
5411 

... 

... 
trace. 

« •  • 

1-26 

•  •  • 

6-00 
18-80 

t  •  • 

73-20 

•  •  ■ 

•  •• 

trace. 

•  •  • 

2-00 

... 

6-00 
22-00 

•  •  • 

68-00 

••• 

... 

trace. 

•  •  • 

4-00 

... 

0-22 
13-50 
15-60 
65-68 

«  •  • 

•  •• 

trace. 

•  •  ■ 

5-00 

* .  * 

KJO^    

KOI  

NaCl 

CaSO^    

InBoluble  

Iodine   

NaoSO, 

H^O  

^a^    

LOBB    
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CHAPTER  II. 

HISTOEICAL  NOTES  ON  THE  MANUFACTUBE  OF 

ARTIFICIAL  SODA, 


All  natural  soda^  including  that  obtained  from  plant-ashes,  has 
long  since  been  thrown  into  the  background  by  artificial  soda. 
We  have  already  mentioned  that  Duhamel  in  1736  first  demon- 
strated with  precision  the  identity  of  the  base  of  common  salt  with 
that  of  '^  mineral  alkali  /'  and  since  that  time  the  problem  of  manu- 
facturing artificial  soda  has  always  remained  that  of  the  more  or 
less  direct  conversion  of  common  salt  into  sodium  carbonate.  A 
few  exceptions  to  this  rule  will  be  treated  of  in  their  respective 
places. 

Till  the  time  of  the  French  revolution  potash  was  decidedly  the 
most  important  of  the  two  fixed  alkalies.  The  Arabs  had  already 
brought  the  use  of  natural  soda,  appearing  as  efflorescence,  into 
Spain,  whence  it  had  made  its  way  into  the  rest  of  Europe ;  also 
the  other  kind  of  *' natural'^  soda,  the  " barilla '^  made  from  the 
ashes  of  some  plants,  formed  an  article  of  trade,  and  that  to  a  much 
greater  extent  than  the  former ;  but  these  two  sources  were  nothing 
like  sufficient  to  meet  the  requirements  of  soap-  and  glass-making, 
not  to  speak  of  other  ways  of  consuming  it,  and,  moreover,  they 
yielded  a  very  impure  product.  Potash  consequently  at  that  time 
was  much  cheaper  and  was  the  alkali  employed  for  most  purposes. 
But  as  at  that  time  and  to  within  a  few  decades  from  the  present 
it  was  obtained  exclusively  from  wood-ashes,  it  is  not  at  all  sur- 
prising that  the  demand,  enormously  increasing  100  years  ago  with 
the  development  of  cotton-spinning  and  many  other  branches  of 
industry,  could  no  longer  be  satisfied  from  such  a  Btationary  source 
(nay,  even  steadily  decreasing  with  the  progress  of  civilization)  as 
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the  incineration  of  wood.  Least  of  all  eonld  the  forests  of  the  indus- 
trial nations  themselyes  supply  their  wants  i^  this  respect ;  and  the 
cost  of  transit  from  more  woody  countries^  such  as  Russia^  IHyria^ 
Canada,  in  the  then  imperfect  state  of  communication^  greatly  en- 
hanced the  price  of  the  product. 

It  was  therefore  yery  natural  that  many  attempts  were  made  to  « 
substitute  for  potash,  steadily  increasing  in  price,  the  base  of  com- 
mon salt,  of  which,  as  is  well  known,  inexhaustible  sources  exist  in 
nature.  These  endeavours  were  much  stimulated  by  a  prize  of 
2400  livres,  offered  by  the  French  Academy  of  Sciences  in  1775  for 
the  solution  of  the  question.  Which  is  the  best  method  of  convert- 
ing common  salt  into  soda  ?  This  prize  has  never,  up  to  the  pre- 
sent time,  been  awarded ;  nevertheless  it  certainly  gave  a  most  im- 
portant stimulus  to  the  manufacture  of  artificial  soda,  although  this 
'^  was  in  the  air^^  and  would  undoubtedly  have  arisen,  in  any  case, 
a  little  later.  To  be  sure  the  prize  could  not  be  awarded  at  that 
time,  because  none  of  the  processes  proposed  and  partly  even  prac- 
tically carried  out  (for  instance  those  of  Malherbe,  Guyton  de 
Morveaux,  De  la  Metherie,  and  others)  satisfied  the  requirement 
of  a  practicable  manufacturing  process,  capable  of  surviving ;  but 
from  this,  more  especially  from  the  last-named,  the  process  of  Le- 
blanc  took  its  departure,  which  to  this  day  furnishes  the  greater 
portion  of  the  alkali.     We  shall  see  this  in  detail  further  on. 

We  will  in  this  place  merely  point  out  what  a  revolution  in  prices 
the  invention  of  artificial  soda  has  produced.  According  to  Gos- 
sage^s  '  History  of  the  Soda  Manufacture,'  p.  24,  crystal  soda  in 
England,  in  1814,  cost  £60  per  ton.  It  was  made  already  about 
1806  by  Mr.  Losh  at  Walker-on-Tyne,  at  first  by  decomposing 
common  salt  with  litharge,  afterwards  (Clapham,  '  Soda  Manufac- 
ture on  the  Tyne')  by  decomposition  of  Russian  potash,  at  £40  per 
ton>  with  common  salt,  to  muriate  of  potash  and  carbonate  of  soda, 
which  were  separated  by  crystallization.  Having  subsequently 
gone  to  France  and  seen  Leblanc^s  process,  Mr.  Losh  introduced 
the  latter  into  his  own  works.  According  to  Clapham  the  price  of 
crystal  soda  in  1809  amounted  to  £71.  Since  about  this  time 
kelp  with  3  per  cent,  soda  was  sold  at  £11,  the  above  price 
was  not  too  high;  barilla  with  25  per  cent,  soda  cost  £45  per 
ton. 

In  1824,  when  Muspratt  began  to  work  Leblanc^s  process,  crystal 
soda  was  sold  at  £18  per  ton^  according  to  Gossage,  or  at  £29  per 
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ton^  according  'to  Gapham  (who  quotes  the  books  of  the  Walker 
firm) ;  the  total  production  of  Great  Britain  at  that  time  is  estimated 
by  Gossage  at  100  tons  per  week,  in  1850-60  at  5000  tons  per  week 
(probably  a  little  too  high)  ;  probably  it  now  reaches  8000  tons. 
The  price  per  ton  of  crystal  soda,  on  an  average  of  the  last  ten  years^ 
^  may  be  stated  at  £ii  10s.,  that  of  soda-ash  at  j£8 ;  in  1878  the 
prices  were  considerably  below  this. 

Interesting  notes,  but  going  into  too  many  details  for  our  pur- 
pose, on  the  rise  of  the  English  alkali  trade  are  found  in  Gossage^s 
pamphlet  above  mentioned,  Clapham's  'Account  of  the  Commence- 
ment of  the  Soda  Manufacture  on  the  Tyne^  (1869),  and  Mactear's 
'  Report  on  the  Alkali  and  Bleaching-Powder  Manufacture  of  the 
Glasgow  district  ^  (1876) .  Wagner's  '  Regesten  der  Sodafabrika- 
tion'  (1866)  treat  the  subject  in  a  more  general  manner.  His 
relation,  as  well  as  all  other  similar  ones^  is  mostly  founded  upon 
the  Report  of  a  Commission,  instituted  by  the  French  Academy  in 
1855,  which  was  to  inquire  into  the  claims  of  Leblanc's  descendants 
to  a  national  reward,  published  in  the  'Comptes  Rendus,'  xlii. 
p.  553. 

The  first  claimant  of  the  above-mentioned  prize  offered  by  the 
French  Academy,  and  probably  the  first  who  attempted  to  make 
soda  artificially  on  an  industrial  scale  ^,  was  the  Benedictine  Father 
Malherbe,  in  1778.  He  started  from  sulphate  of  soda,  which  he 
ignited  with  metallic  iron  and  charcoal  in  a  reverberatory  furnace, 
and,  after  cooling,  worked  for  soda  by  lixiviation.  Maquer  and 
Montigny  made  a  favourable  report  on  this  process.  In  the  follow- 
ing year  (1779)  Alban  built  a  factory  at  Javel,  near  Paris,  to  work 
Malherbe's  process ;  after  some  years,  however,  it  ceased  working, 
for  unknown  reasons.  Essentially  the  same  was  the  process 
patented  in  1781  by  Dr.  Bryan  Higgins,  in  which  sulphate  of  soda 
was  melted  with  charcoal  and  then  lead  or  iron  was  added.  This 
process  was  taken  up  again  in  1855  by  E.  Kopp,  and  at  that  time 
excited  great,  but  unfounded,  cKpectations  of  supplanting  Leblanc's 
process  (comp.  below) . 

Next  followed  Guy  ton  de  Morveau  and  Camy,  in  1782,  build- 

*  Scheele  had  already  in  1776  discovered  this  process  of  converting  common 
salt  into  soda  by  means  of  litharge,  which  was  subsequently  carried  out  by  Lord 
Dundonald  and  Losh  in  England,  and  has  been  taken  up  again  quite  recently  by 
Bachet;  but  he  himself  never  made  any  attempt  to  utilize  that  process  for 
manufjEusturing-puipoeea. 
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ing  a  works  at  Croisic  in  Ficardy^  in  which^  according  to  a  pro- 
cess discovered  by  Scheele  in  1775^  a  moistened  mixture  of 
common  salt  and  lime  was  exposed  to  the  air^  and  after  some 
time  an  efflorescence  of  soda  appeared  on  the  surface.  The  fac- 
tory had  to  be  closed  after  a  very  short  time  for  fiscal  reasons^ 
consequent  upon  the  salt  monopoly  ;  but  it  would  in  no  case 
have  been  able  to  produce  any  great  results  by  that  process. 

Soon  after*^  another  proposal  was  made  by  De  la  Metherie. 
Sulphate  of  soda  was  to  be  ignited  with  coal^  whereby  sulphurous 
acid  was  to  escape  and  carbonate  of  soda  to  remain  behind.  The 
ignition  was  to  take  place  in  closed  retorts ;  the  escaping  sulphurous 
acid  was  to  be  conducted  into  lead  chambers^  sulphuric  acid  made 
from  it^  and  the  latter  to  be  employed  for  making  sulphate  from 
common  salt.  Undoubtedly  this  would  be  an  extremely  beau- 
tiful process  if  the  reactions  took  place  in  the  manner  imagined 
by  De  la  Metherie ;  but^  unfortunately^  on  igniting  sodium  sul- 
phate with  coal^  much  sulphide  and  but  very  little  carbonate  are 
formed.  That  this  might  be  ^^  partially '^  the  case^  was  granted 
by  De  la  Metherie  himself ;  he  proposed  to  decompose  the  sul- 
phide (but  along  with  it^  of  course^  any  carbonate  formed  I)  by 
acetic  acid  or  any  other  organic  add,  and  to  convert  the  acetate 
by  calcination  into  carbonate.  Impracticable  as  this  proposal  man- 
festly  is,  it  gave  to  Leblanc,  according  to  his  explicit  statement^ 
contained  in  the  report  of  the  French  Commission,  the  impetus  for 
his  own  process ;  he  attained  the  object,  not  accomplished  by  his 
predecessor,  by  adding  calcium  carbonate. 

A  third  factory  which  was  at  work  already  before  the  outbreak 
of  the  French  revolution  (that  is,  before  Leblanc)  was  that  of 
Ath^nas  in  Paris.  There  common  salt  was  converted  into  sulphate^ 
first  by  means  of  copperas,  afterwards  by  roasting  with  pyrites  or 
pyritiferous  lignite,  and  the  sulphate  was  converted  into  soda  by 
Malherbe^s  process.* 

None  of  the  factories  erected  for  the  above-mentioned  processes 
could  be  carried  on  for  any  length  of  time,  although  the  manufac- 
turers wanted  neither  capital,  nor  intelligence,  nor  the  advice  of  the 
first  French  chemists  ;   their  products  could  not  compete  with 

•  In  1789  according  to  the  report  of  the  French  Commissioners ;  but  that 
is  absolutely  incompatible  with  the  statement  that  Leblanc  had  already  in 
1787  got  the  suggestion  for  his  own  process  from  De  la  M^therie's  published 
process. 
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Spanish  barilla  either  in  price  or  quality,  and  probably  would  not 
be  able  to  do  bo  now,  so  far  as  price  is  concerned.  But  it  was 
reserved  for  another  Frenchman  to  entirely  accomplish  the  task 
propounded. 

Nicholas  Leblanc,  probably  the  most  celebrated  name  in  chemical 
technology,  was  born  at  Issoudun  in  1753.    About  the  time  when 
the  first  above-mentioned  alkali- works  were  founded  he  was  sur- 
geon to  the  Duke  of  Orleans  (afterwards  '^  Citizen  Egalit^'^),  and 
was  even  then  known  as  the  author  of  some  good  papers  on  crys- 
tallization and  on  chemical  subjects.     Incited  by  the  prize  offered 
by  the  Academy,  he  occupied  himself  with  the  problem  of  making 
artificial  soda ;  and  De  la  Metherie^s  impracticable  proposal  had  as 
mentioned,  suggested  to  him  the  proper  solution.     This  is  said  to 
have  been  the  case  in  1787.     In  1789  he  proposed  to  the  Duke  of 
Orleans  to  carry  out  the  new  process  on  a  manufacturing  scale. 
Before  the  Duke  agreed  to  this,  he  requested  the  advice  of  D^Arcet, 
the  professor  of  chemistry  at  the  College  de  France.    D^Arcet  got 
his  assistant  Diz^  to  try  the  process  on  the  small  "  and  on  the  la^e 
scale  '^  under  his  eyes,  and  that  successfully ;  he  gave  a  certificate 
to  that  effect,  dated  March  24th,  1790.     On  the  strength  of  this, 
at  the  office  of  a  notary  called  Lutherland,  in  London,  an  agree* 
ment  was  signed  (but  the  agreement  is  dated  Feb.  12th,  1790 !), 
the  essential  clauses  of  which  are  to  the  following  effect.    Leblanc 
undertook  to  deposit  his  soda-making  process  and  Dize  a  white-lead 
process  invented  by  him,  along  with  D^Arcef  s  confirmation  of  the 
same,  at  the  notaiy  Brichard^s.    The  Duke  of  Orleans  was  to  de- 
posit in  the  hands  of  his  steward  Henri  Shee  the  sum  of  200  000 
livres  for  the  purpose  of  carrying  out  the  process ;  and  on  this  sum 
interest  at  the  rate  of  10  per  cent,  was  to  be  paid  out  of  the  first 

profits.     The  profits  in  excess  of  this  were  to  be  divided  thus ^the 

Duke  to  receive  ^,  Leblanc  and  Dize  together  ^,  and  Sh&  A ; 
but  to  Leblanc  a  minimum  income  of  4000  livres,  to  Diz6  one  of 
2000  livres  was  guaranteed. 

The  specification  then  deposited  at  Brichard's  was  still  extant  in 
1855;  the  Commission  opened  it,  and  found  its  contents  as  fol- 
lows : — Common  salt  is  decomposed  by  Glauber's  process  with  oil 
of  vitriol,  of  which  about  its  own  weight  is  required.  In  order  to 
recover  the  muriatic  acid  as  much  as  possible,  it  can  be  conducted 
into  ammonia-water,  or  first  condensed  and  then  mixed  with  the 
latter.    The  sulphate  is  strongly  ignited,  in  order  to  remove  the 
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last  portions  of  acid^  and  then  powdered.  A  certain  quantity 
of  it  is  mixed  with  half  of  its  weight  of  chalk  and  a  quarter  of  its 
weight  of  charcoal ;  the  whole  is  finely  ground  and  put  into  cru- 
cibles^ which  must  be  only  two  thirds  filled.  The  crucibles  are 
covered^  but  not  luted^  so  that  the  gases  may  get  out ;  and  they 
are  heated  first  gently,  then  up  to  the  fluxing  of  the  mass.  This 
melts  into  a  paste,  is  changed  into  carbonate  of  soda,  and  taken 
out  of  the  crucibles.  The  fluxed  mass  is  purified  by  powdering 
and  boiling  with  water;  from  the  solution  the  soda  is  separated  on 
boiling  down,  and  dried  in  hot  air.  Or  else  the  cooled  and  roughly 
crushed  fluxed  mass  is  allowed  to  fall  to  powder  in  the  air,  and  then 
washed  as  above.  The  calcareous  substance  and  unburnt  charcoal 
are  removed  by  settling  and  filtering.  The  ammonia-water  is 
obtained  by  burning  animal  substances ;  the  sal-ammoniac  is  sub- 
limed. The  correctness  of  these  statements  is  confirmed  by 
D'Arcet. 

Diz^'s  description,  also  extant,  only  refers  to  the  preparation  of 
lead  sulphate  from  lead  nitrate  and  sulphuric  acid ;  it  clearly  ap- 
pears from  the  documents  that  he  had  nothing  to  do  with  the 
invention  of  the  soda-process,  and  that  this  exclusively  belongs  to 
Leblanc.  Dize,  after  Leblanc^s  death,  in  1810,  and  again  in  1852, 
tried  to  rob  him  of  the  inventor^s  merit ;  but  he  was  convicted  of 
falsifying  the  truth  already  in  his  lifetime,  and,  by  the  Report  of 
that  Commission,  still  more  so  after  his  death. 

A  new  agreement  of  January  27th,  1791,  states  that  the  Duke 
of  Orleans  is  to  make  over  the  sum  of  200,000  livres  to  Sh&,  and 
that  both  capital  and  interest  are  to  be  repaid  to  him  by  70  per 
cent,  of  the  first  clear  profits.  Over  and  above  that,  the  profits 
were  to  be  divided  in  this  manner — ^the  Duke  to  have  3^,  Le- 
blanc and  Diz^  together  3^,  and  Sh^e  ^.  If  the  yearly  profits 
should  amount  to  more  than  a  million  (that  is,  500  per  cent,  of  the 
capital  invested !),  the  excess  over  a  million  was  to  be  divided  in 
a  somewhat  different  way. 

On  September  25,  1791,  upon  the  report  of  D^Arcet,  Desmarets, 
and  De  Servieres,  Leblanc  obtained  from  the  Committee  for  Agri- 
culture and  Commerce  of  the  Assemble  Nationale  a  patent  for  his 
process  for  fifteen  years.  The  description  given  therein  deserves 
to  be  textually  reproduced  here,  as  it  contains  all  the  essential 
features  of  the  process^  which  have  remained  unchanged  up  to 
within  a  few  years : — 


302  SODA. 

"  Between  iron  rollers  the  following  substances  are  crashed  and 
mixed — 

100  lb.  of  anhydrous  sulphate  of  soda^ 
100  lb.  of  pure  limestone^  or  chalk  from  Meudon, 
50  lb.  of  charcoal. 

'^The  mixture  is  spread  out  in  a  reverberatory  furnace^  the 
working-holes  are  closed^  and  fire  is  applied ;  the  substance  gets 
into  a  pasty  condition^  froths  up,  and  is  converted  into  soda  which 
is  only  distinguished  from  the  soda  of  commerce  by  a  higher 
strength.  The  mass  must  be  frequently  stirred  up  during  the 
fusion,  for  which  iron  rakes,  spatulas,  &c.  are  employed.  From 
the  surface  of  the  fluxing  mass  a  large  number  of  flames  break 
forth  similar  to  the  flame  of  a  caudle.  As  soon  as  this  phenomenon 
begins  to  cease,  the  operation  is  finished.  The  batch  is  then  drawn 
out  of  the  furnace  with  iron  rakes>  and  can  be  collected  in  any 
kind  of  moulds  in  order  to  give  it  the  shape  of  the  commercial 
blocks  of  soda. 

'^  The  operation  may  also  be  carried  on  in  closed  vessels,  such 
as  crucibles,  but  thereby  becomes  more  costly.  The  proportions 
of  the  raw  materials  may  be  changed;  for  instance,  less  limestone 
and  coal  may  be  taken ;  but  the  above  proportions  have  given  the 
best  results.  The  quantity  stated  furnishes  upwards  of  150  lb.  of 
soda. 

^*'The  reverberatory  furnaces  must  be  built  in  a  durable  manner 
of  fire-bricks  and  bound  with  iron.  The  length  of  the  hearth  is 
6  feet  from  the  fireplace  to  the  chimney  [snorehole]  ;  4  feet  2  in. 
wide;  the  arch  is  very  flat,  and  has  a  greatest  width  [?]  of 
19  inches.  As  for  the  rest,  such  furnaces  are  universally 
known.'^ 

It  will  be  seen  that  here  all  the  conditions  up  to  the  manufac- 
ture of  black  ash  were  put  so  clearly  that,  with  the  most  mo- 
derate skill  in  building  the  works,  pecuniary  success  was  certain^ 
looking  at  the  comparatively  enormous  price  then  paid  for  soda  in 
the  shape  of  barilla  or  varec  (see  above) .  It  appears  in  fact  that 
the  factory  erected  by  Leblanc  and  Diz^  at  St.  Denis  according  to 
the  above-quoted  agreement,  and  called  ^^La  Franciade,''  pros- 
pered very  well ;  but  after  a  short  time  every  thing  was  to  be  lost. 
Citizen  Egalit^  was  arrested  in  April  1793  by  the  Comit^  du  salut 
public,  and  executed  on  November  6th  of  the  same  year.     His 
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goodSj  and  along  with  them  the  works  La  Franciade^  were  confis- 
cated^  and  the  contents  scattered  by  public  sale.  About  this  time 
the  Comity  du  salut  public^  upon  the  suggestion  of  Camy^  who 
had  a  share  in  the  alkali- works  at  Croisic  (see  p.  299)^  resolved 
that  all  those  carrying  on  soda-works  were  bound  to  deposit  all  the 
ways  and  means  for  manufacturing  soda  known  to  them  within 
twenty  days  with  a  special  Commission^  for  the  benefit  of  the  State 
and  without  regard  to  any  particular  advantages  or  private  specu- 
lations^ in  order  to  cast  off  the  fetters  of  commercial  dependence 
on  foreign  nations^  and  to  afford  advantages  to  the  fatherland  for 
its  means  of  defence.  The  Commission  consisted  of  Leli&vre^ 
Pelletier,  Giroud,  and  d^Arcet.  This  decree  was  published  on  the 
12th  Pluviose  of  the  year  II. ;  and  Leblanc  and  Dize,  whose  works 
had  been  inventoried  four  days  previously  by  the  municipality^  of 
course  at  once  gave  up  their  process  to  the  Commission.  The 
same  was  done  by  Carny  himself  (who  doubtless  had  convinced 
himself  sufficiently  that  not  much  good  was  to  be  got  by  his  own 
process)^  by  Alban  (Malherbe's  successor)^  Ath^nas^  and  Eibeau- 
court  (the  proprietor  of  De  la  Metherie's  process).  Scheele's 
process  (employing  litharge)  having  been  published  in  the  mean- 
time, was  added,  making  the  sixth.  The  official  report  of  the 
Commission  declared  the  process  of  Malherbe  and  Athenas  the 
most  economical,  especially  if  pyrites  or  pyritiferous  lignite  were 
employed  for  converting  salt  into  sulphate,  but  did  not  conceal 
the  advantages  possessed  by  Leblanc^s  process  over  most  others. 
Although  the  judgment  of  the  Commission  did  not  hit  upon  pre- 
cisely the  right  thing,  it  should  not  be  blamed  for  this.  Leblanc^s 
process  at  that  period  had  not  had  time  to  demonstrate  its  prac- 
tical superiority  to  all  others ;  and  even  very  able  men,  Longmaid 
and  E.  Kopp,  sixty  years  later,  have  reverted  to  the  process  then 
judged  the  best,  although  unsuccessfully. 

Thus  Leblanc  and  his  partners  had  within  a  few  days  lost'their 
works,  their  patent,  and  their  means,  and  he  was  thrown  into 
bitter  poverty.  It  is  true  that  after  six  years,  on  the  17th  Rorial, 
VIII.,  the  works  La  Franciade  were  given  up  to  Leblanc  as  in- 
demnification for  the  publication  of  his  patent,  and  a  commission, 
consisting  of  Yauquelin  and  Deyeux,  was  charged  with  valuing  the 
damage  done  to  the  partnership  in  order  to  award  compensation. 
But  it  was  at  the  end  of  another  six  years,  on  the  17th  Brumaire, 
XIY.  (1806),  that  the  Commission  made  its  report ;  and  though 
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the  report  was  favourable  to  the  partnership^  the  decision  was 
that  the  claim  against  the  state  was  satisfied  by  the  gratuitous 
handing-over  of  the  works  La  Franciade. 

This  was  bitter  mockery  to  Leblanc.  After  the  works  had  been 
given  over  to  him  he  had  spent  all  his  means  in  the  necessary 
repairs^  and  had  no  working  capital  left.  The  small  sum  of  4000 
francs  which  he  received  on  Pructidor  19th,  II.,  could  not  do  him 
much  good ;  another  sum  of  3000  francs,  granted  on  the  9th  Yen- 
tose,  VII.,  was  never  paid  to  him.  In  spite  of  an  urgent  recom- 
mendation of  the  Minister  of  the  Interior  to  the  Minister  of 
Finance,  dated  14th  Brumaire,  YIII.,  nothing  was  done  for 
Leblanc,  although  his  merit  and  the  importance  to  the  national 
industry  of  carrying  on  his  works  were  universally  acknowledged. 
As  proof  of  this,  on  11th  Prairial,  XI.,  the  Sodete  d'Encourage- 
ment  handed  over  to  him  its  savings  of  2000  francs,  together  with 
an  extremely  appreciative  address.  But  these  pittances  could  not, 
of  course,  keep  up  Leblanc  for  any  length  of  time ;  they  were 
utterly  insufficient  for  carrying  on  a  factory ;  the  practically  nega- 
tive decision  of  1806  deprived  him  of  every  hope ;  and,  broken  in 
body  and  spirit,  he  ended  his  life  by  his  own  hand  in  the  same 
year,  and  in  a  workhouse.  Fifty  years  later  his  grandchUdren 
were  indemnified  by  Napoleon  III. 

The  statement  of  Muspratt  (Chemistry,  ii.  p.  919)  that  Leblanc 
had  been  handsomely  rewarded  by  the  English  Government  is  not 
found  anywhere  else  (the  very  detailed  Report  of  the  French 
Commission  of  1856  on  the  support  given  to  Leblanc  does  not  give 
the  least  hint  of  it) ,  and  seems  utterly  incredible,  especially  when 
we  consider  what  an  embittered  war  was  raging  between  England 
and  France  during  that  period,  and,  moreover,  that  Leblanc^s 
process  was  not  introduced  into  England  until  a  long  time  after 
his  death.  The  following  sentence  in  Muspratt,  ^^  In  Greece  and 
at  Rome  statues  have  since  been  erected  to  his  memory,'^  can,  of 
course,  only  be  regarded  as  somewhat  curiously- worded  irony,  or 
else  the  words  "have  since  been'^  are  a  misprint  for  "would  have 
been/'  It  is  well  known  that  neither  in  Greece  nor  at  Rome  do 
any  alkali- works  exist. 

Muspratt  further  tries  to  vindicate  for  his  countryman,  the 
above-mentioned  Dr.  Bryan  Higgins,  the  merit  of  having  been  the 
inventor  of  the  process,  because  his  patent  is  dated  from  July  31, 
1781 ;  but  here  his  patriotism  has  led  him  astray.    Higgins's  patent 
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refers^  in  the  first  place^  to  the  manufacture  of  Olanber^s  salt. 
This  is  to  be  mixed  in  certain  proportions  with  charcoal^  and  heated 
in  a  reverberatory  furnace  until  the  iguited  mass  melts  and  forms 
mineral  alkaline  liver  of  sulphur.  Then  lead  in  certain  propor- 
tions is  thrown  in ;  and  when  it  is  melted  the  ingredients  are  well 
raked  together^  and  the  mineral  alkali  thus  desulphurated  floats 
above  the  desulphurated  lead.  In  place  of  lead^  other  metals  may 
be  used^  as  iron  and  tin.  Another  method  is,  to  mix  with  a  strong 
solution  of  the  liver  of  sulphur  as  much  argol  as  will  dissolve 
therein ;  to  this  solution  powdered  chalk  is  added ;  the  liquor  is 
separated  by  subsidence  and  filtration^  evaporated  to  dryness^  and 
the  mass  calcined.  Muspratt  concedes  that  the  high  price  of  lead 
rendered  the  first-described  plan  valueless  as  a  commercial  process ; 
''but  as  Higgins  states  that  iron  or  other  metallic  oxides''  [Higgins 
says  ''metals'']  "may  be  used  instead  of  lead,  he  had  clearly  deve- 
loped the  principle  of  Leblanc,  who  merely  replaced  the  oxide  of 
iron  by  oxide  of  calcium  or  lime;  and  Higgins,  therefore,  might 
be  considered  the  inventor  of  the  process."  This  opinion  of 
Muspratt's  is  opposed  to  the  following  facts  : — 1st,  that  Higgins's 
patent  does  not  speak  of  oxide  of  iron,  but  of  metallic  iron; 
2nd,  that  evidently  he  had  only  worked  with  lead,  and  mentioned 
"iron  and  tin"  merely  to  "cover  the  ground;"  3i*d,  that  Mal- 
herbe  had  already,  in  1778,  employed  iron  in  the  same  way; 
4th,  that  Leblanc  did  not  employ  calcium  oxide,  but  calcium 
carbonate;  5th,  that  Leblanc  did  not  first  make  a  liver  of  sulphur 
and  then  throw  in  lime,  as  he  would  have  done  if  he  had  stood  on 
Higgins's  shoulders;  6th,  that  there  is  an  enormous  difference 
between  the  patents  in  every  respect.  If  Dize  has  not  been  able  to 
snatch  the  honour  of  the  invention  from  Leblanc,  Bryan  Higgins 
is  even  a  less  formidable  rival. 

As  to  the  rest,  only  one  day  after  Higgins  the  same  process  was 
patented  to  A.  Fordyce,  who,  besides  iron,  mentions  calx  of  iron 
also. 

The  working  of  Leblanc'sprocesswas  not  putanend  tobyhisdeath. 
Already  in  the  same  year  an  alkali-works  was  founded  in  Paris  by 
Payen,  another  by  Camy  at  Dieuze ;  and  within  the  twelvemonth 
the  St.-Gobain  plate-glass  works  exhibited  glass  plates  made  with 
Leblanc's  soda.  From  that  time  the  soda-manufacture  developed 
rapidly  in  several  parts  of  France,  as  in  the  north,  near  Rouen,  at 
Chauny,  near  St.  Gobain,  in  the  south  at  Alais  and  Marseilles,  in 
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the  east  at  Thann  near  Mulhouse  (the  latter  now  in  German  Alsace)  • 
In  England  Leblanc's  process  was  introdaced  by  W.  S.  Losh^  who 
had  seen  it  in  operation  at  Paris ;  but  on  his  return  to  England  he 
did  not  in  the  first  instance  introduce  this  prcicess^  but  Scheele^s 
litharge  process  (in  1806),  at  his  works  at  Walker-on-Tyne,  where 
a  weak  brine  spring  gave  the  first  impulse  to  the  manufacture. 
Even  later  on,  all  sorts  of  other  plans  were  tried  there :  for  instance, 
Russian  potash  was  decomposed  with  brine,  according  to  Lord  Dun- 
donald's  patent.  About  the  same  time  (1803  to  1818),  at  St. 
Bollox,  soda  was  made  from  the  chlorine  still-liquors,  which  con- 
tained sodium  sulphate  and  chloride  along  with  manganese  chloride^ 
by  calcining  with  coal-dust  and  lixiviating  with  addition  of  quick 
lime.  It  appears  that  Losh  carried  out  Leblanc^s  process  for  the 
first  time  in  England  in  1814  (that  is,  twenty  years  after  the  in- 
ventor), and  on  a  very  small  scale :  ^  cwt.  of  sulphate  was  fluxed 
with  slaked  lime  and  coal  into  balls.  In  1820  the  charges  were 
increased  to  1  cwt.  Already  in  1816  the  firm  of  Tennants  at  St. 
RoUox  had  some  correspondence  with  Chaptal  and  d'Arcet  on  Le- 
blanc's  process,  and  in  1818  definitively  introduced  it  (Mactear, 
p.  25) ;  and  at  the  end  of  the  year  they  sold  crystal  soda  at  £42  per 
ton.  In  the  same  year  100  tons,  in  1829  1400  tons,  in  1876 
14,000  tons  were  made  there.  In  1820  potassium  carbonate  was 
also  made  there,  and  sold  at  only  £15  per  ton,  which  proves  the 
enormous  revolution  in  price  between  that  and  the  present  time. 
Soda  ash  was  first  made  at  St.  Bollox  in  1838,  and  sold  at  £22  per 
ton  (against  £12  for  soda  crystals) ;  in  1865  12,500  tons  of  this 
article  was  manufactured  there. 

The  introduction  of  Leblanc's  process  on  a  really  large  scale  into 
England  took  place  on  the  abolition  of  the  enormous  duty  on  salt 
(which  amounted  to  £30  per  ton).  It  was  carried  out  by  James 
Muspratt  in  1824.  At  first  the  soap-makers  would  not  buy  the 
new  soda,  because  it  was  so  different  from  barilla  and  kelp  (that  is, 
much  purer  and  stronger) ;  Muspratt  had  to  give  away  large  quan- 
tities of  it  to  overcome  that  prejudice.  Of  course  this  was  soon 
effected;  and  in  order  to  satisfy  the  overwhelming  demand  the  crude 
soda  had  to  be  delivered  to  the  buyers  straight  firom  the  furnaces, 
hardly  cool  enough  to  be  handled.  For  six  years  Muspratt's  works 
remained  the  only  one  in  England,  except  a  few  small  works  on  the 
Tyne.  The  increase  which  has  taken  place  in  alkali-making  in 
Great  Britain  since  is  well  known;   it  is  almost  entirely  con- 
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centrated  in  the  two  districts  of  South  Lancashire  and  Tyne- 
side,  apart  from  a  few  works  in  Scotland^  in  the  midland  counties^ 
and  several  works  in,  Ireland  only  going  as  far  as  sulphate. 

In  Germany  the  first  Leblanc  soda  was  made  at  the  works  of 
Hermann  and  Sons  at  Schonebeck^  near  Magdeburg^  at  which^ 
however^  in  1843,  not  much  over  200  tons  per  annum  was  made. 
At  a  pretty  early  date  a  second  small  works  was  established  at  Ring- 
kuhl^  near  Cassel.  During  the  last  twenty  years  a  great  number  of 
alkali-works  have  sprung  up  in  that  country^  but  not  sufficient  to 
cover  its  own  consumption,  which  is  made  too  difficult  by  the 
English  competition. 

In  Austria  the  first  alkali-works  was  erected  in  1851  at  Hru- 
schau  in  Moravia^  a  second  one  at  Fetrowitz  in  Silesia ;  the  largest 
Austrian  alkali -works^  and  one  of  the  finest  of  all,  that  at  Aussig^ 
was  erected  in  1856  under  the  management  of  Max  Schaffner, 

Leblanc^s  process  is  in  principle  substantially  carried  out  every- 
where in  the  way  its  inventor  has  indicated.  The  enormous 
changes  which  the  factories  have  undergone  in  the  course  of  time 
are  chiefly  confined  to  the  apparatus.  Not  to  speak  of  the  improve- 
ments in  vitriol-makiDg,  which  has  been  developed  almost  exclu- 
sively in  connexion  with  alkali-making,  the  principal  landmarks  in 
the  history  of  the  manufacture  of  sulphate  and  of  alkali  itself  are : 
— ^the  enlargement  of  soda-furnaces  by  d^Arcet ;  Gossage's  coke- 
towers  for  condensing  hydrochloric  acid;  Gamble's  and  Lee^s 
decomposing-pans ;  the  rational  system  of  lixiviation,  formerly 
ascribed  to  Shanks ;  the  manufacture  of  caustic  soda,  essentially 
due  to  Gossage ;  the  introduction  of  revolving  ball-ftimaces,  due 
to  Stevenson  and  Williamson ;  the  general  introduction  of  me- 
chanical power  in  the  whole  manufacture  (for  instance,  Mactear's 
carbonating  furnace) ;  the  regeneration  of  sulphur  from  the  tank- 
waste,  by  Schafiner  and  Mond.  We  purposely  omit  mention  of 
those  improvements  introduced  during  the  last  few  years  whose 
value  is  still  under  discussion. 

Leblanc's  alkali-making  process  must  to  this  day  be  called  the 
general  though  not  the  universal  process.  It  certainly  is  not 
theoretically  perfect ;  but  its  greatest  and  almost  its  only  essential 
drawback  is  that  the  sulphur  entering  into  the  process  is  partly,  in 
most  works  entirely,  lost,  producing  a  very  disagreeable  waste  pro- 
duct (unless  the  invention  just  patented  of  Schafiner  and  Helbig 
for  utilizing  alkali-waste,  to  be  described  in  the  chapter  on  that 
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subject,  should  remedy  this) ;  further,  the  roundabout  way  through 
sulphuric  acid  and  sulphate  undoubtedly  involves  much  expense  for 
plant  and  working  and  a  good  deal  of  complication.  The  forma- 
tion of  hydrochloric  acid  as  a  by-product,  which  formerly  in  some 
places  might  be  regarded  as  the  most  formidable  drawback  con- 
nected with  Leblanc^s  process,  has  now-a-days  in  many  places  be- 
come the  most  profitable  part  of  the  manufacture,  partly  directly, 
partly  by  the  manufacture  of  bleaching-powder  and  chlorate  of  pot- 
ash. But  of  the  soda  itself  a  good  deal  is  lost,  in  the  most  favour- 
able case  14  per  cent. ;  and  in  many  (but  not  in  the  best)  works 
that  which  is  obtained  is  somewhat  impure. 

The  drawbacks  just  mentioned  explain  why  a  great  number  of 
proposals  have  been  made  for  replacing  Leblanc's  process  by  a  better 
one ;  mostly  the  avoidance  of  the  loss  of  sulphur  was  the  primary 
aim.  But  of  all  these  proposals,  ingenious  as  many  of  them  are, 
only  one  has  proved  its  vitality,  viz.  the  so-called  ammonia  process, 
as  we  shall  see  hereafter ;  and  even  this  process,  extremely  suc- 
cessful as  it  has  proved  in  some  places  and  under  special  circum- 
stances, does  not  as  yet  show  any  signs  of  supplanting  Leblanc's 
process  otherwise  than  in  special  circumstances — for  instance,  near 
abundant  brine-springs  &c.,  where  very  pure  soda  is  wanted,  where 
ammonia  is  cheap,  and  so  forth.  The  cryolite  process  also  con- 
tinues to  exist,  but,  owing  to  the  extremely  restricted  occurrence 
of  that  mineral,  cannot  possibly  extend  any  further.  The  non- 
vitality  of  Kopp^s  process,  which  is  still  quoted  as  a  hopeful  one 
in  the  most  modem  treatises,  was  demonstrated  twenty  years  ago 
(see  below). 
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CHAPTER  III. 

SYNOPSIS  OF  THE  VAEI0U8  PLANS  PROPOSED  FOR 

MANUFACTURING  SODA. 

In  the  following  the  various  methods  for  maniifacturiDg  artificial 
soda  will  be  enumerated  in  systematical  order^  without  regard  to 
the  chronological  succession  of  the  inventions,  or  of  their  degree 
of  practicability;  but  an  opinion  upon  the  latter  in  some  cases 
will  be  given,  where  there  are  grounds  to  go  upon.  In  order  to 
avoid  separating  kindred  matters,  the  proposal^  for  direct  produc- 
tion of  caustic  soda  will  be  enumerated  as  well  as  those  for  pro- 
ducing sodium  carbonate. 

Our  primary  divisions,  like  those  of  all  other  authors,  are  founded 
on  the  soda-containing  minerals  which  serve  as  raw  materials  for 
the  processes  proposed.    These  are : — 

I.  Common  salt  (t.  e.  direct,  without  being  converted  into  sul- 
phate) . 

II.  Sodium  sulphate. 

III.  Cryolite. 

IV.  Sodium  nitrate. 

V.  Soda-felspar. 

I.  Soda  direct  from  Common  Salt. 

1.  By  means  of  potash. — ^Bergmanu  seems  to  have  been  the  first 
who  proved  that  a  solution  of  common  salt  can  be  decomposed  by 
potash,  and  who  found  that,  on  evaporating  a  mixed  solution,  first 
a  crop  of  potassium  chloride  and  then  one  of  sodium  carbonate  are 
obtained.  The  first  explicit  description  of  this  process  was  given 
by  the  Court-apothecary  Meyer  at  Stettin,  in  1784.  The  same 
plan  was  recommended  by  Samuel  Hahnemann,  Wiegleb  and 
Westrumb,  Kastelleyn  and  Remler  (Wagner^s  'Regesten,'  p.  16). 
In  England  Losh  maniifactured  soda  at  Walker-on-Tyne  from  1802 


310  SODA. 

to  1815  according  to  Lord  Dundonald's  patent  of  1795^  in  this 
way : — Equal  parts  by  weight  of  Russian  potash^  at  £40  per  ton, 
and  common  salt  were  dried  in  a  furnace,  mixed  with  slaked  lime 
and  small  coal  and  melted  in  a  reverberatory  furnace.  The  product 
was  lixiviated  and  boiled  down  until,  on  cooling,  a  crop  of  potassium 
chloride  could  be  obtained.  After  a  second  crop  of  the  same  had 
been  separated,  the  mother  liquor  was  evaporated  to  dryness,  the 
residue  ignited  and  dissolved  for  making  soda  crystals.  From  ' 
40  cwt.  of  a  mixture  of  salt  and  potash  20  cwt.  of  potassium  chlo- 
ride and  20  cwt.  of  "  British  ash  "  were  obtained,  or,  instead  of  the 
latter,  30  to  40  cwt.  of  crystal^  soda.  The  '^  British  ash  "  was  sold 
at  from  £16  to  £20  per  ton,  the  crystal  soda  as  ^'  potash-soda.'' 
The  crystallization  took  place  in  small  shallow  lead  vessels,  only 
during  the  winter  months  (Clapham,  L  c.  p.  8) . 

To  this  category  also  belongs  the  process  of  Bischof  of  Lausanne 
(Dingl.  Joum.  iv.  p.  380),  who  tried  to  make  sodium  bicarbonate 
by  passing  carbonic  acid  gas  into  an  aqueous  solution  of  equal 
parts  of  potash  and  common  salt :  sodium  bicarbonate  was  sepa- 
rated ;  and  potassium  chloride  remained  in  the  mother  liquor. 

It  is  hardly  necessary  to  mention  that  with  the  present  relation 
of  the  prices  of  potash  and  soda  such  processes  are  entirely  out  of 
the  question. 

2.  By  means  of  lime  (Wagner's  ^Regesten,'  p.  16). — Scheele,  in 
1773,  noticed  that  from  a  damp  mixture  of  common  salt  and  lime 
soda  effloresces  in  the  air  after  several  weeks'  time.  Probably  inde- 
pendently of  Scheele,  this  observation  was  also  made  by  the  French 
chemists  Proust,  Pelletier,  and  Deyeux.  On  the  strength  of  the 
latter,  Guyton-Morveaux  and  Camy,  in  1782,  obtained  a  French 
patent  for  soda-making  which  was  actually  worked  for  some  time, 
but  with  little  success,  at  Croisic  in  Picardy  (comp.  p.  299) . 

From  a  solution  of  common  salt  a  solution  of  calcium  bicarbonate 
precipitates  sodium  bicarbonate.  Apparently  this  reaction  explains 
the  formation  of  soda  efflorescences  in  soils  containing  common  salt. 

3.  By  means  of  lead  owide, — In  1773,  Scheele  noticed  that  com- 
mon salt  is  decomposed  by  litharge.  A  solution  of  common  salt, 
filtered  through  a  layer  of  litharge,  became  caustic,  and  in  the  air 
yielded  carbonate.    The  reaction  is  as  follows : 

Pb-a 
2NaCl  +  2PbO  +  H20=2NaOH+     >  O 

Pb-Cl 
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This  observation  was  published  by  Bergman  in  1776.     Eirwan 
reports  that  soda  was  made  in  England  by  this  process  already  in 
1782,  and  the  yellow  residue  (of  lead  oxychloride)  was  employed 
as  a  pigment.    The  latter  was  patented  as  the  principal  thing  in 
1787  by  Turner,  and  has  retained  the  name  of  Turner's  yellow  ever 
<since ;  the  caustic  soda  was  only  a  by-product  in  this  case.    Gotiling 
(1781)  and  Achard  (1784)  knew  the  process  and  pronounced  against 
it.     In  1792  it  was  patented  in  France  in  the  name  of  Curandau; 
and  it  emerges  again  in  1793  in  the  report  of  the  Comite  du  salut 
public  as  the  process  of  Chaptal  and  B^rard,  who  had  favourably 
judged  of  it.    We  have  already  mentioned  that  this  was  the  process 
first  employed  by  Losh  at  Walker.     There  50  parts  of  finely  ground 
litharge  was  gradually  mixed  with  12^  parts  of  common  salt  dis*- 
solved  in  55  parts  of  water,  always  leaving  the  mixture  at  rest  for 
some  hours,  till  a  white  crust  had  formed ;  this  was  first  broken  up 
and  mixed  with  the  mass  before  new  brine  was  added.    After  two 
or  three  days  the  batch  was  finished ;  the  cauatic  soda  was  lixiviated 
with  water  and  the  yellow  residue  melted  and  sold  as  a  pigment ; 
or,  as  this  could  not  always  be  done,  the  lead  was  smelted  &om  it 
again  at  considerable  loss.    According  to  Clapham  (Chem.  News, 
xxi.  p.  148),  by  this  process,  in  the  best  case^  only  5*6  per  cent,  of 
the  salt  was  decomposed,  which  oxdy  with  the  then  very  high  price 
of  salt  could  leave  any  margin  of  profit.    The  patent  of  Watt  and 
Tebbutt,  of  Jan,  11, 1838,  quotes  this  process  again,  but  prescribes 
boiling  the  lead  oxide  and  common  salt  together.     A  patent  of 
J.  Hunt's  (May  7,  1839),  if  it  has  any  meaning  whatever,  belongs 
here.     According  to  it,  common  salt  was  to  be  ground  up  with 
granulated  metallic  lead  or  zinc.    Anthon,  of  Prague,  pronounced 
a  favourable  opinion  of  the  litharge  process,  on  the  strength  of 
experiments  on  the  small  scale.     In  1866  (Aug.  14th)  Rowbotham 
obtained  provisional  protection  for  the  original  process  of  Scheele; 
but  the  matter  was  ^  first  taken  up  again  seriously  in  1869,  by 
Bachet,  whose  process  was  tried  in  1870,  on  a  pretty  large  scale, 
at  the  same  Walker  works  which  had  formerly  belonged  to  Losh. 
This  trial,  however,  was  soon  discontinued.    The  principal  difibr- 
rence  of  Bachet^s  process  from  the  previous  one  consisted  in  hifi 
adding  slaked  lime :  5  cwt.  of  a  mixture  of  100  litharge,  70  common 
salt,  and  50  slaked  lime  was  ground  in  a  mill  with  a  little  water. 
Decomposition  sets  in  at  once;  caustic  soda,  lead  chloride,  and 
hydrated  lead  oxide  (which,  it  is  remarkable,  does  not  act  on  salt) 
ore  generated ;  but  only  19  to  20  per  cent,  of  the  salt  is  decomposed. 
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The  white  pasty  mass  is  strongly  pressed ;  and  the  clear  solution  of 
caustic  soda  and  common  salt  that  runs  off  is  ground  with  fresh 
quantities  of  slaked  lime  and  lead  oxide.  Thus  gradually  47  to  50 
per  cent,  of  the  salt  can  be  converted  into  caustic  soda.  The  solu- 
tion pressed  off  at  last  is  filtered  through  a  layer  of  calcium  hydrate 
in  order  to  deprive  it  of  any  dissolved  lead  compounds,  and  con- 
centrated by  evaporation,  during  which  the  greater  part  of  the 
NaCl  is  separated  and  can  be  fished  out.  Caustic  soda  with  70 
per  cent.  NagO  could  thus  be  produced.  The  chief  thing,  however, 
has  still  to  be  mentioned,  viz.  the  regeneration  of  the  lead  oxide ; 
and  upon  this  the  process  was  wrecked.  The  cakes  of  PbCl^, 
Pb(0H)2,  unchanged  PbO,  and  Ca(0H)2  remaining  in  the  press 
were  first  heated  to  173°  C.  in  order  to  convert  the  Pb(0H)2  into 
PbO ;  and  the  mass  was  then  introduced  int6  boiling  lime-water, 
in  which  the  PbCl^  also  was  transformed  into  PbO ;  the  residue 
was  again  employed  for  decomposing  common  salt.  The  filtrate 
could  be  almost  entirely  deprived  of  the  lead  which  it  still  contained 
by  cooling  and  crystallizing,  followed  by  addition  of  common  salt. 
But  apart  from  the  fact  that  this  regeneration  could  not  be  carried 
out  without  a  considerable  loss  of  lead,  the  recovered  lead  oxide 
frequently  proved  much  less  active  than  fresh  litharge — probably 
because  much  calcium  and  lead  carbonate  was  formed,  which  not 
only  are  inactive  towards  common  salt,  but  even  seem  to  interfere 
with  the  action  of  lead  oxide.  After  prolonged  trials,  the  process 
had  to  be  given  up  as  useless  (Chem.  News,  xxi.  p.  148) . 

Zinc  oande  has  been  proposed  for  the  same  object,  but  without 
any  better  success. 

The  litharge  process  has  been  taken  up  again  in  a  recent  patent 
by  Knab  (Aug.  13th,  1877,  No.  3082).  Common  salt  is  to  be 
mixed  with  its  equivalent  of  litharge ;  five  times  its  weight  of  water 
is  to  be  added,  and  the  heat  raised  by  means  of  steam  to  7QP  or 
80^  C.  In  a  few  hours  the  decomposition  is  complete.  The  mass 
is  deprived  of  the  largest  portion  of  its  caustic  soda  by  hydraulic 
pressure,  and  the  remainder  of  the  soda  obtained  by  stirring  up  the 
lead  chloride  with  water  and  repeatedly  pressing  it.  The  PbCI^  is 
instantaneously  decomposed  by  stirring  up  with  its  equivalent  of 
ammonium  carbonate  and  water,  a  solution  of  sal-ammoniac  and 
lead  carbonate  being  formed.  The  latter  is  sold  as  such,  or  re- 
converted into  PbO  by  ignition,  whilst  the  COj  given  off,  along 
with  the  NHs  evolved  from  the  sal-ammoniac,  again  forms  ammo- 
nium carbonate.    In  order  not  to  lose  the  chlorine,  the  sal-ammo- 
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niac  is  not  decomposed  by  lime^  but  by  manganese  protoxide^  NH3 
and  MnCl^  being  formed.  The  latter  by  beating  with  access  of  air 
is  converted  into  Mn^Og^  CI  becoming  free.  As  the  Mn^Og  does 
not  decompose  NH4CI,  it  is  reconverted  into  MnO  by  heating  with 
aulphnr^  SO^  being  formed  at  the  same  time. — ^This  process,  ex- 
tremely complicated  in  its  last  part,  is  founded  upon  reactions 
several  of  which  have  long  been  proved  extremely  incomplete,  and 
consequently  has  no  technical  value  whatever. 

4.  By  means  of  lead  or  zinc  pyrophosphate. — Margueritte,  on 
Dec.  22nd,  1854,  patented  the  following  process.  NaCl  is  heated 
with  lead  or  zinc  pyrophosphate  (Fb^PaO^  or  Zn^PgO?) .  Sodium 
pyrophosphate  is  formed,  which  remains  behind,  whilst  FbCIg  or 
ZnCl,  is  volatilized  and  condensed  in  chambers.  The  sodium  salt, 
dissolved  in  water  and  boiled  with  lime,  yields  a  solution  of  NaOH 
and  a  precipitate  of  Ca^P^O/.  The  precipitate  is  again  boiled  with 
the  previously  condensed  metallic  chlorides,  and  yields  a  solution 
of  CaCl^t,  which  is  run  to  waste,  along  with  a  precipitate  of  lead  or 
zinc  pyrophosphate,  which  is  again  employed  for  decomposing. 
The  caustic  soda  can,  if  required,  be  converted  into  carbonate  by  a 
current  of  carbon  dioxide  (I). 

5.  By  means  of  sodium  phosphate, — ^Arrott  (patent  of  Aug.  16th, 
1872)  dissolves  trisodium  phosphate  (NagPOJ  in  water,  and  treats 
it  with  CO,  or  NaHCOg;  disodium  phosphate  (Na^HPOJ  and 
Na^COg  are  formed,  and  separated  by  fractional  crystallization. 
The  NajHP04  is  again  converted  into  Na8P04  by  melting  two 
equivalents  with  a  little  more  than  one  equivalent  of  NaCl.  On 
June  27th,  1873,  Arrott  obtained  provisional  protection  for  a 
process  of  making  soda-ash  and  chlorine  by  igniting  ferric  phos- 
phate with  common  salt,  with  the  assistance  of  air  and  steam. 
The  HCl  escaping  is  condensed  as  usual;  the  residue  contains 
Fe^Oj,  and  sodium  phosphate,  which  is  dissolved  out  and  decom- 
posed by  lime  into  caustic  soda  and  calcium  phosphate ;  the  latter 
serves  for  again  producing  ferric  phosphate  with  the  Fe^Og  dissolved 
in  the  hydrochloric  acid.  Criticism  of  these  proposals  seems  quite 
unnecessary. 

6.  By  means  of  sodium  metaphosphate  (according  to  Siebel, 
Deutsch.  chem.  Ges.  Ber.  viii.  1786). — Sodium  metaphosphate  is 
melted  with  safficient  NaNO^  in  a  retort-like  vessel,  so  that  along 
with  escaping  nitric  add,  which  is  condensed  as  usual,  a  basic  salt 
is  formed ;  this  is  treated  with  a  little  water,  afterwards  with  CO^ ; 
sodium  carbonate  and  phosphate  are  formed,  dissolved  out,  evapo- 
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rated  to  77^  Tw. ;  a  concentrated  solution  of  ammonium  carbonate 
is  added^  tlie  whole  allowed  to  cool,  and  the  microcosmic  salt, 
Na(NH4)HP04,  crystallized  out.  Thus  about  two  thirds  of  the 
soda  remains  in  solution  as  carbonate,  along  with  a  little  micro- 
cosmic  salt.  CO3  is  passed  through  the  solution,  whereupon 
NaHCOs  is  precipitated ;  the  mother  liquor  is  added  on  dissolving 
the  next  bath  of  basic  sodium  phosphate.  The  microcosmic  salt  is 
pressed  off  and  heated,  the  NH3  volatilizing  is  again  worked  up 
for  ammonium  carbonate,  aiid  the  remaining  metaphosphate  em- 
ployed as  above.  The  inventor  of  this  remarkably  complicated 
and  unpractical-looking  proposal  sees  no  essential  diiSiculty  in  it, 
except  the  selection  of  a  suitable  material  for  the  vessels,  as  which 
he  proposes  plumbago. 
y  7.  By  means  of  magnesia  and  carbonic  acid  ( Weldon's  patent  of 
March  Ist,  1866). — ^A  mixture  of  common  salt,  cold  water,  and 
magnesia  or  magnesium  carbonate  is  saturated  with  carbonic  acid 
under  pressure  in  a  closed  vessel,  with  or  without  agitation. 
Soluble  magnesium  bicarbouate  is  formed,  which  at  once  decom- 
poses its  equivalent  of  NaCl,  MgCl^  being  formed  and  remaining 
in  solution,  whilst  NaHCOg  is  precipitated.  The  solution  of  MgCl^ 
is  evaporated  to  dryness,  the  residue  ignited,  the  HCl  driven  off 
and  oondensed,  and  the  MgO  recovered  for  use.  The  NaHCOs  ^ 
calcined  so  as  to  obtain  NaHCOs.  Weldon  expected  the  hydro- 
chloric add  generated  to  cover  all  exp^ises,  and  to  obtain  the  soda 
gratis.  ,  The  reaction  would  be  : — 

2  NaCl  4-  MgCOs  +  CO,  +  HsO  =  2  NaHCOa  +  MgCl,. 

Wagner  ( Jahresb.  1873,  p.  256)  points  out  justly  that  this  process 
is  the  most  perfect  of  all  soda-making  processes ;  it  would  be  better 
to  say  ^'  would  be ''  the  most  perfect,  if  all  the  reactions  went  on 
as  smoothly  as  in  the  equation ;  but  this  is  evidently  not  the  case, 
as  the  process  has  not  been  applied  in  practice.  It  seems  to  deserve 
closer  investigation. 

8.  By  means  of  oxalic  acid. — Kobell  (Wagner^s  'Eegesten,' 
p.  18)  proved  that  sodium  chloride  can  be  converted  into  carbonate 
by  oxalic  acid  on  ignition,  CO  and  HCl  escaping.  But,  looking  at 
the  high  price  of  oxalic  acid,  only  those  processes  can  claim  a  tech- 
nical interest  which  recover  that  acid.  All  endeavours  in  this 
direction  are  founded  upon  the  slight  solubility  of  acid  sodium 
oxalate  in  water,  and  are  carried  out  by  adding  to  a  concentrated 
solution  of  salt  an  excess  of  oxalic  acid,  so  that  the  acid  oxalatei 
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CsHNa04  +  H20,  is  precipitated  and  HCl  remains  in  solution. 
The  precipitate  is  converted  into  caustic  soda  and  calcium  oxalate 
by  boiling  with  milk  of  lime^  and  the  oxalic  acid  recovered  from 
the  latter  by  sulphuric  add.  This  process  was  patented  by  Samuel 
on  Nov.  13th,  1838^  again  by  Margueritte  on  Jan.  20th,  1855,  and 
by  Weldon  on  March  1st,  1866^  but  with  the  addition  that  the 
hydrosodic  oxalate  was  to  be  boiled  with  quicklime  or  calcium 
carbonate.  The  latter  does  not  answer  the  purpose,  as  Anthon 
and  R.  Wagner  have  found  ('  Regesten,'  p.  18).  Only  half  of  the 
oxalic  acid  is  precipitated  by  CaCOs,  the  other  half  remaining  dis- 
solved as  CjNa^ O4 ;  but  a  mixture  of  milk  of  Ume  and  chalk,  or  the 
latter  by  itself  (as  proposed  by  Samuel)  fulfils  the  intention.  The 
process  is  not  practicable,  because  much  oxalic  acid  is  lost,  its 
recovery  is  not  easy,  and  its  price  is  high.  On  Nov.  16th,  1864, 
Newton  (for  Bang)  patented  the  decomposition  of  NaCl  with 
ammonium  oxcUaie  in  hot  concentrated  solutions ;  NH4CI  remains 
dissolved,  NaHC304  falls  down,  is  isolated  by  decantation,  washed 
with  a  cold  concentrated  solution  of  pure  NaHCs04,  decomposed 
by  CaO  into  NaOH  and  CaCs04,  and  the  latter  converted  by  NHa 
(from  the  NH4CI)  and  COj  into  CaCO,  and  (NH4)sC204.  (This 
patent  did  not  get  beyond  the  stageof  provisional  protection.)  Knab 
obtained  a  French  patent  (Jan.  3, 1877)  for  exactly  the  same  process. 
9.  By  means  of  magnesium  oxalate. — ^BoUig  (DingL  Joum. 
ccxxiv.  p.  621),  1st,  mixes  magnesium  oxalate,  common  salt,  and 
hydrochloric  acid  cold,  and  lets  the  mixture  stand.  A  crystalline 
precipitate  of  NaHC204  and  a  sirupy  solution  of  MgCl^  are  ob- 
tained, according  to  the  equation 

MgCa04  4-HCl+NaCl  =  NaHC204+MgCla. 

The  solution  of  MgCl^  is  displaced  by  water ;  and  as  it  contains  an 
excess  of  HCl,  it  is  used  over  again  till  it  is  saturated.  2nd. 
The  NaHC204,  by  agitation  with  MgCOg  and  water  at  a  pressure 
of  two  atmospheres,  is  converted  into  a  coarse  crystalline  precipi- 
tate of  MgC,04  and  a  concentrated  solution  of  NaHCOs*  3rd. 
The  latter,  by  boiling  with  magnesia,  is  converted  into  a  solution 
of  NagCOg  and  MgCOg.  Thus  one  half  of  the  MgCOg  required 
in  the  second  stage  is  obtained;  the  other  half  is  obtained  by 
treating  the  MgO  formed  in  the  4th  stage  with  fire-gases.  The 
solution  of  soda  contains  a  little  sodium  oxalate,  which  on  con- 
centration to  77^  B.  and  cooling  is  completely  precipitated.  4ith. 
The  solution  of  MgCl^  is  boiled  down,  and  by  heating  decomposed 
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into  MgO  and  HCL  6th.  The  oxalic  acid  intended  for  replacing 
that  which  has  been  lost  is  prepared  by  heating  caustic  potash 
with  sawdust  to  dryness,  melting,  Uxiviating,  recrystallizmg  the 
potassium  oxalate,  and  precipitating  M^fi^  hy  means  of  MgCl^ 
or  MgS04.  Pure  oxalic  acid  can  be  obtained  by  treating  the 
magnesium  oxalate  with  HCl.  The  principal  weak  points  of  this 
rather  ingeniously  combined  proposal  seem  to  be,  1st,  the  diffi- 
culty of  completely  decomposing  the  MgCl^  and,  2nd,  the  expense 
of  replacing  the  oxalic  acid  lost. 

10.  By  means  of  hydrofluoric  acid. — ^Weldon's  patent  of  March 
1st,  1866,  prescribes  decomposition  of  NaCl  by  HFl  into  NaFl, 
boiling  this  with  MgO,  and  decomposing  the  MgFl^  by  S04H2. 
NaFl  may  also  be  decomposed  by  CaO,  CaCOs,  or  steam.  The 
details  will  be  given  further  on,  when  treating  of  the  employment 
of  HFl  with  sulphate.  NaCl  (according  to  him)  can  only  be 
partly  decomposed,  if  precipitated  from  a  saturated  solution  by 
aqueous  HFl,  but  much  more  completely  if  cooled  HFl  gas  is 
passed  in  a  moderately  quick  current  into  NaCl  solution.  Spilsbury 
and  Maugham  had  already,  in  1837,  proposed  the  use  of  HFl  (see 
below). 

11.  By  means  of  hydrofluosilicic  add. — Spilsbury  and  Maugham 
on  February  6th,  1837,  patented  the  following  precess : — A  solu- 
tion of  common  salt  is  mixed  with  hydrofluoric,  or,  better,  with 
hydrofluosilicic  acid,  and  the  precipitate  of  Na^SiFl^,  by  boiling 
with  milk  of  lime,  conyerted  into  NaOH  and  CaSiFl^.  Anthon 
tried  this  process  in  1840,  and  obtained  good  results  (Wagner's 
Jahresb.  1863,  p.  228) ;  but  the  difficulty  of  washing  such  a  volu- 
minous precipitate  was  not  taken  into  accoimt.  A  similar  process 
was  patented  on  March  2nd,  1858,  by  Newton  for  Le  Chatelier, 
and  in  1858  by  Kessler  in  France ;  an  English  patent,  Oattmann's 
(1868),  also  belongs  here.  Hydrofluosilicic  acid  is  prepared  by 
melting  a  mixture  of  sand,  clay,  and  fluorspar  and  condensing  the 
vapours ;  this  is  employed  for  decomposing  a  solution  of  conmion 
salt.  The  precipitated  Na^SiFI^  is  decomposed  by  ignition  into 
NaFl,  and  this,  by  boiling  with  chalk,  into  Na^COj  and  CaFl^. 
The  latter  is  mixed  with  the  HCl  and  gelatinous  silica  formed  in 
the  previous  stages  of  the  process,  also  with  common  salt ;  thus 
again  Na^SiFl^  is  formed,  and  so  forth  (Hofinann, '  Report  by  the 
Juries,'  1863,  p.  30) . 

Whether  this  process  could  ever  pay,  would  depend  to  a  great 
extent  on  the  cheap  production  of  hydrofluosilicic  acid.    In  1865 
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E.  Karcher  and  Tessi^  du  Motay  patented  in  France  the  produc« 
tion  of  that  acid  (or^  in  the  first  instance^  of  SiFl^)  by  igniting  a 
mixture  of  sand^  fluorspar^  and  coal.  (Former  trials  in  that  direc- 
tion by  Bredberg  and  Berthier  are  mentioned  in  Wagner's  'B>egesten/ 
p.  20.)  Fluorspar  (Biedermann^  in  Hofinann^s  'Bericht/  1878, 
i.  p.  816),  silica,  and  clay  were  mixed  in  such  proportions  that  a 
good  slag  could  be  formed  and  moulded  with  addition  of  coal  into 
bricks,  which  were  dried  and  smelted  with  coke  in  a  blast-fiomace 
of  83  to  40  feet  height.  The  slag  contained  calcium  silicates  and 
still  15  to  20  per  cent.  CaFl^.  The  gases  given  off,  consisting  of 
SiFl4,  N,  CO,  and  CO^,  were  collected  at  the  mouth,  and  carried 
to  five  large  wooden  condensing-vessels  in  which  slanting  glass 
plates  were  placed  and  constantly  kept  wet.  At  the  bottom  of 
the  vessels  silica  was  deposited,  and  a  solution  of  H^SiFlg  was 
formed ;  the  latter  was  methodically  conducted  from  one  of  the 
condensers  to  another.  An  agitator,  causing  a  finely  divided  spray 
of  water,  would  ^probably  replace  the  glass  plates  with  advantage. 
It  is  not  easy  to  produce  acid  beyond  1*072  sp.  gr.=9  per  cent. 
H^SiFlg ;  for  technical  purposes  half  that  strength  would  sufGice. 
The  latter  costs  at  least  2  francs  per  kilog. ;  100  litres  of  it  are 
equivalent  to  9  kilog.  chamber-acid  (of  vitriol-chambers) . 

A  factory,  working  by  this  plan  and  managed  by  F.  Bothe, 
existed  till  1870  at  Grossblittersdorf  near  Saargemiind,  but  was 
not  started  again  after  the  war,  because  several  serious  drawbacks 
had  appeared.  The  decomposition  of  SiFl4  by  water  was  not  per- 
fect ;  a  good  deal  of  it  escaped  and  caused  complaints  on  account 
of  nuisance.  In  spite  of  an  excess  of  silica,  HM  was  always  formed 
as  well,  and  caused  great  trouble  in  decomposing  the  salt.  Worst 
of  all  was  the  fact  that  sodium  fluosilicate  is  only  very  imperfectly 
decomposed  into  silicium  fiuoride  and  sodium  fiuoride  by  ignition, 
even  after  twenty-four  hours'  most  intense  heating,  both  with  com- 
pressed and  exhausted  air.  For  these  reasons  the  process  was 
discontinued. 

12.  By  means  of  alumina. — ^Tilghman  on  February  1st,  1847, 
patented,  among  other  things,  a  process  for  making  soda  from 
common  salt  (or  sulphate)  by  the  assistance  of  alumina.  The 
latter,  made  by  heating  aluminium  sulphate,  was  to  be  filled  in 
pieces  of  about  J  cwt .  each  into  a  red-hot  cylinder  of  fireclay  with 
a  magnesia  lining,  and  vapours  of  common  salt  mixed  with  steam 
passed  into  it.  The  latter  are  obtained  by  admitting  steam  into  a 
cast-iron  retort  in  which  common  salt  is  kept  in  igneous  fusion. 
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The  reaction  takes  place  thuB : — 

AljOa+^NaCl+HgO  =  NajAlj04+2HCL 

(We  employ  this  fonuula  for  sodinm  aluminate  merely  for  the  sake 
of  simplicity ;  probably  different  compounds^  up  to  Na« AI^Oq^  are 
formed.)  Besides^  strongly  superheated  steam  is  directly  admitted 
into  the  apparatus^  which  must  be  strongly  red-hot  or  white-hot. 
By  a  test-hole  in  the  exit-pipe  the  quantity  of  steam  is  controlled ; 
there  ought  to  be  little  salt  and  much  acid  found  in  the  gases.  On 
the  one  hand^  HCI  is  formed^  and  condensed  by  suitable  apparatus ; 
on  the  other  hand^  a  mass  containing  sodium  aluminate  remains 
behind  in  the  retort.  This  is  lixiviated  with  hot  water,  the  residue 
dried  and  used  over  again ;  the  solution  is  treated  with  CO^,  by 
which  aluminium  hydrate  is  precipitated,  whilst  sodium  carbonate 
remains  in  solution  and  can  be  obtained  by  crystallizing  &c.  (ex- 
actly as  in  the  manufacture  of  soda  from  cryolite.  Chapter  XYII.). 
When  the  process  was  carried  out  at  Glasgow  on  a  large  scale,  the 
impracticability  of  introducing  common  salt  in  this  way  must  have 
become  apparent ;  for  there  a  paste  was  made  from  alumina  and 
salt,  formed  into  small  hollow  cylinders  of  4  inches  length  and  1 
or  2  inches  diameter,  dried  sharply,  and  the  decomposing-cylinder 
filled  with  them.  They  were  finally  got  back  without  change  of 
form,  containing  partly  sodium  aluminate,  and  were  moistened 
with  water  and  exposed  to  a  current  of  CO^  and  steam.  On  lixi- 
viating, soda  was  obtained  and  ^umina  remained  behind.  Enapp 
(Liebig^s  Jahresb.  1847-48,  p.  1052)  states  that  the  reaction  of 
^j^B  on  NaCl  at  a  red  heat  is  not  very  energetic ;  and  the  neces- 
sity of  employing  a  white  heat  is  very  troublesome  in  practice. 
In  Glasgow,  in  fact,  only  32  per  cent,  of  soda  was  obtained,  and 
great  difficulties  were  experienced  in  treating  and  recovering  the 
light  flocculent  alumina — a  difficulty  attaching  to  all  soda-making 
processes  which  employ  alumina  or  silica.  These  facts,  no  doubt, 
were  soon  recognized  after  the  publication  of  the  process  (which 
had  awakened  much  interest) ;  for  the  matter  went  to  rest,  till  a 
cheaper  and  handier  source  of  alumina  was  found  in  bauxite,  a 
natural  aluminium  hydrate  containing  ferric  oxide.  Lechatellier 
and  Jacquemart  were  the  first  who  employed  this  mineral  for  pre- 
paring sodium  aluminate,  in  the  aluminium-works  at  Nanterre  near 
Paris,  and  later  on  at  Salyndres  (in  1861  and  1862),  by  mixing 
it  with  common  salt  and  passing  steam  into  the  mixture  in  a 
closed  vessel,  or,  better,  in  a  reverberatory  furnace  at  a  high  tern- 


PLANS  PftOPOSED  FOR  MANUFACTURING  SODA.  819 

perature.  In  what  way  the  volatilization  of  the  salt  was  prevented 
and  the  HCl  condensed  has  not  become  known ;  but  it  is  a  fact 
that  the  aluminate  sent  into  the  trade  by  Morin  waa  not  made 
from  common  salt  but  from  sulphate.  On  Jidy  12^  1862j  Gossage 
again  patented  a  process^  similar  to  Tilghman's^  but  employing  a 
peculiar  furnace^  which  we  shall  describe  when  mentioning  the 
silica  process^  proposed  at  the  same  time  and  preferred  by  himself. 
On  the  18th  July^  1874^  Oriineberg  and  Vorster  took  out  an  English 
patent  upon  the  same  subject.  Common  salt  and  alumina  are 
made  into  a  paste ;  the  mass  is  dried^  broken  into  small  pieces, 
and  treated  with  red-hot  steam.  HCl  escapes^  and  Na^ AI2O4  re- 
mains behind.  The  latter  is  dissolved  out  &om  the  impurities, 
and  decomposed  either  by  CO2  or  by  CaO,  according  to  whether 
carbonate  or  caustic  soda  are  to  be  obtained.  In  heu  of  alumina, 
ferric  osdde  or  any  other  metallic  oxide  may  be  employed  (7).  This 
process  was  actually  tried,  but  had  to  be  discontinued  because  the 
vessels  would  not  stand — the  same  drawback  which  has  opposed 
itself  to  so  many  theoretically  sound  processes.  A  recent  German 
patent  by  Lieber  (No.  9610,  Nov.  10,  1878),  proposes  mixing 
alkaline  chlorides  with  magnesium  sulphate  (occurring  at  Stassfart 
as  kieserite)  and  as  much  crude  alumina  (in  the  state  of  bauxite 
fee.)  as  will  decompose  the  alkaline  sulphates  formed.  The  mixture 
is  moulded  into  bricks,  which  are  dried  and  heated  to  a  red  heat 
in  a  kiln,  steam  being  passed  through  at  the  same  time.  First 
there  are  formed  alkaline  sulphates  and  hydrochloric  acid.  The 
latter  is  condensed  in  the  usual  manner ;  the  sulphates  are  acted 
upon  by  the  alumina,  sulphur  dioxide  and  alkaline  aluminate  being 
formed.  The  ignited  mass  is  lixiviated  with  water,  and  treated 
with  carbon  dioxide,  so  that  alkaline  carbonate  and  a  precipitate  of 
aluminium  hydroxide  are  obtained.  In  lieu  of  HCl,  chlorine  may  be 
obtained  by  submitting  the  dried  mass  at  900°  to  a  gentle  current 
of  air,  previous  to  igniting  it  in  the  kiln. . 

13.  By  means  of  aluminium  chloride. — Swager  (Monit.  Scientif. 
1868,  p^  888)  proposes  to  mix  a  solution  of  NaCl  and  of  AlsClg ; 
the  double  salt,  2NaCl,  Al^Clg,  is  obtained  by  drying,  and  blown  by 
means  of  a  fan-blast,  in  the  form  of  a  fine  powder,  through  a  red- 
hot  retort  in  which  it  is  exposed  to  superheated  steam.  Sodium 
aluminate  and  HCl  are  generated;  the  former  is  decomposed  by 
COj    into    NSjOg    and   AI2O3,   which  is    again    converted  into 

14.  By  means  of  silica  and  steam, — On  melting,  silica  and  com- 
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mon  salt  do  not  unite^  but  the  latter  melts  much  sooner  than  the 
former^  lies  as  a  cover  on  the  silica,  and  evaporates  before  the  latter 
can  come  into  action.  Only  in  minimal  quantities  and  quite  su- 
perficially does  combination  take  place — ^for  instance,  in  the  salt- 
glazing  of  earthenware;  but  here  the  salt  acts  in  the  state  of 
vapour,  and  the  reaction  is  probably  only  made  possible  by  the 
aqueous  vapour  existing  in  the  fire-gases.  In  order  to  utilize  this 
reaction  on  a  large  scale,  steam  must  be  applied  to  begin  with. 
Already,  in  1809,  Oay-Lussac  and  Th^nard  founded  upon  this  a 
proposal  for  soda-making.  Blanc  and  Bazille  on  February  12, 
1840,  obtained  an  English  patent  for  this  process,  which  they  in- 
tended to  carry  out  in  this  way : — 280  parts  of  common  salt  and 
200  of  sand,  intimately  mixed,  are  loosely  put  into  horizontal  cast- 
iron  cylinders,  entirely  surrounded  by  the  flame,  and  heated  to  a 
cherry-red.  Through  the  axis  of  each  cylinder  passes  a  wide  tube, 
perforated  with  many  holes,  for  introducing  steam ;  at  the  end  of 
this  tube  a  wide  porcelain  or  stoneware  pipe  carries  off  the  vapour 
of  NaCl  and  HCl.  .The  steam  must  enter  equably  and  slowly,  so 
that  the  temperature  shall  never  sink  below  a  cherry-red  heat ;  in 
that  case  the  decomposition  of  the  mixture  into  neutral  sodium 
silicate  and  hydrochloric  acid  (according  to  the  formula 

2NaCl  +  SiOj  +  UJO = Na^SiOg + 2HC1) 

becomes  easy  and  complete  [?] .  The  exit-tube  for  the  gases  ends 
in  a  wide  chamber  for  depositing  the  volatilized  salt,  which  is  then 
continued  into  an  apparatus  for  condensing  HCl ;  this,  however, 
must  work  at  a  very  low  pressure.  The  neutral  sodium  silicate 
obtained  as  above  is  very  slightly  soluble ;  consequently  it  can  be 
deprived  of  undecomposed  common  salt  by  crushing  and  washing, 
and  by  melting  with  two  thirds  of  its  weight  of  soda  is  converted 
into  soluble  basic  water  glass.  The  latter  is  drawn  out  hot  into 
cold  water,  dissolved,  and,  by  a  current  of  COj,  from  a  lime-kiln, 
decomposed  into  sodium  carbonate  and  gelatinous  silica.  The 
latter  can  be  employed  for  the  manufacture  of  fine  glass.  It  is 
evident  that  this  process  is  useless :  for  each  100  parts  of  crude 
silicate  60  parts  of  soda-ash  are  sacrificed;  and  afterwards,  on 
washing  the  gelatinous  silica,  undoubtedly  much  soda  is  again  lost, 
— ^all  this  independently  of  the  difficulties  in  decomposing  the 
salt. 
Fritsche  in  1858  obtained  an  Austrian  patent  for  converting 
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common  salt  into  soda  by  means  of  silica  and  steam ;  no  particulars 
are  stated  (Wagner's  Jahresb.  1858,  p.  118). 

In  England  the  same  process  has  been  the  subject  of  several 
patents ;  the  only  one,  however,  which  in  the  beginning  promised 
to  become  successful  was  that  of  Oossage  (July  18,  1862).  He 
employed  a  peculiar  apparatus,  sketched  in  fig.  161 :  a  is  a  tower 

Fig- 161. 


made  of  fire-bricks,  tapering  near  the  bottom  and  then  widened 
out  again ;  it  is  nearly  filled  with  pieces  of  qaartz  or  flints ;  at  the 
bottom  at  i  a  space  remains  free,  which  commtmicates  with  the 
flue  c  for  taking  away  the  gases.  More  quartz  can  be  thrown  in 
through  the  opening  d,  which  is  usually  closed.  The  melted 
sodium  silicate  can  flow  away  through  the  opening  e.  In  the  gas- 
generator  /  coals  are  burnt  with  insufBcient  access  of  air,  so  that 
comboatible  gases  are  formed  j  g,  grate-bars ;  h,  slanting  fire- 
plate  ;  I,  chai^ng-hopper ;  k  I,  gas-flue ;  n,  pipe  for  introducing 
steam ;  o,  pipe  for  introdncing  air  compressed  by  the  fan-blast  p. 
The  bottom  of  the  flue  /  is  charged  with  salt  through  the  openings 
q  q.  Through  r  more  quartz  can  be  put  in.  By  means  of  the 
generator  f  and  the  fan-blast  p  a  very  great  heat  can  be  produced 
in  the  tower  a  j  when  this  has  been  attained,  salt  is  put  in  through 
q  q,  which  volatilizes  and,  by  the  assistance  of  steam  from  n,  de- 
composes the  hot  quartz ;  sodium  silicate  is  formed,  together  with 
hydrochloric  acid,  which  escapes  from  c  with  the  residual  gases  and 
is  condensed  (notveryreadilyl).  The  sodium  silicate  is  employed 
for  glass-making  or  as  water  glass ;  or  it  is  decomposed  by  means 
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of  CaO  into  NaOH^  or  by  introdacing  COj  into  Na^COs.  ^^ 
same  apparatus  may  be  charged  with  iJumina  in  lieu  of  quartz, 
and  sodium  aluminate  obtained  (see  above) — or  with  clay,  or  clay- 
slate,  or  felspar,  granite,  &c.,  in  which  cases  mixtures  of  sodium 
silicate  and  aluminate  are  obtained. 

The  latter  Qossage  probably  never  realized;  but  he  certainly 
made  sodium  silicate  for  some  time  in  the  manner  described,  and 
exhibited  soda  obtained  from  it  in  Paris  in  1867.  At  what  cost 
it  was  obtained  was  not  stated ;  so  much  is  certain,  that  the  pro- 
cess had  to  be  given  up  entirely :  the  apparatus  could  not  resist 
the  enormous  heat ;  the  decomposition  was  very  incomplete,  and 
the  HCl  difficult  to  condense. 

Brisse  endeavoured  to  improve  Gossage's  process  by  heating  salt 
to  the  melting-point  on  the  sloping  bottom  of  a  reverberatory  fur- 
nace, adding  silica  in  the  state  of  fine  powder,  and  conducting 
superheated  steam  through  the  mass.  '^  The  sodium  silicate  thus 
obtained  is  treated  with  calcium  carbonate  at  a  high  temperature 
and  the  mass  lixiviated,  whereby  sodium  carbonate  and  calcium 
silicate  are  obtained,  from  which  silica  is  separated  by  hydrochloric 
acid'^  (sic !)  "  and  used  over  again/' 

Whilst  the  processes  just  described  are  evidently  useless,  a  pro- 
posal made  by  lingerer  (Dingl.  Journ.  cxcvii.  p.  343)  does  not 
seem  entirely  impracticable.  He  proposes  to  get  the  mixture  of 
salt  and  sand,  by  means  of  steam  and  heat,  up  to  the  fritting- 
point,  and  then  to  employ  it  for  glass-making ;  he  does  not  even 
mention  any  possible  use  of  the  frit  for  soda-making,  which  no 
doubt  its  slight  solubility  would  prevent. 

As  a  curiosity  it  may  be  mentioned  that,  on  February  24,  1854, 
Cowper  (for  Laureau)  patented  the  decomposition  of  natural  or 
artificial  silicates  by  six  months'  ^^fermentation"  with  alternate 
layers  of  straw,  sawdust,  &c.  After  that  time  the  mass  wajs  to  be 
impregnated  with  l^hick  milk  of  lime  and  calcined  in  a  furnace ; 
on  lixiviation  it  was  to  yield  very  pure  soda ;  and  the  residue  was 
to  be  employed  as  pozzuolana ! 

15.  By  means  of  chromium  oxide  and  steam. — C.  Kessler,  in 
1867,  patented  in  France  the  following  process: — Sodium  (or 
potassium)  chloride  is  intimately  mixed  with  chromium  sesqui- 
oxide,  alone  or  along  with  manganese,  or  with  chrome  iron-ore  or 
lead  chromate,  and  in  a  red-hot  state  treated  with  superheated 
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steam.  With  the  assistance  of  atmospheric  oxygen^  sodium  bi- 
chromate and  hydrochloric  acid  are  formed — 

2NaCl+Cr30s  +  H,0  +  30  =  Na,Cr,07+2HCl. 

When  the  reaction  is  finished  and  the  mass  cooled  down^  it  is 
mixed  with  coal  and  again  heated  to  a  dark-red  heat.  Now 
sodium  carbonate  and  chromium  oxide  are  formed,  CO  or  CO3 
being  given  oflF — 


or 


NagCrgO;  +  2C  =  NaaCOg + Ct^Os  +  CO 
2Na2Cr307  +  3C  =  2Na5C08+2Cr208  +  COa. 


The  sodium  carbonate  is  dissolved  out,  and  the  residual  Cr^Og  used 
for  decomposing  fresh  salt.  This  proposal  is  impracticable,  because 
the  reaction  between  Cr,Oj„  NaCl,  and  superheated  steam  (already 
patented  by  Swindells  in  1851)  is  very  incomplete. 

Rather  different  is  the  patent  of  Hai^reaves  and  Robinson, 
dated  February  17th,  1872.  The  alkaline  chromates,  obtained  in 
the  chlorine  process  patented  by  the  same  inventors,  are  to  be  re- 
duced by  hydrogen,  carbonic  oxide,  or  hydrocarbons ;  in  the  first 
case  the  hydrates,  in  the  latter  cases  the  carbonates  of  the  alkalies 
are  obtained.  Or  the  chromates  are  reduced  by  heating  with  finely 
divided  coal  (as  in  Kessler's),  and  cooled  in  closed  vessels,  to  pre- 
vent the  re-formation  of  chromates. 

16.  By  means  of  carbonic  acid. — Although  no  one  has  actually 
proposed  the  employment  of  carbonic  acid  for  soda-making,  it 
should  be  mentioned  that  Hugo  Miiller  (Deutsch.  chem.  Ges.  Ber. 
ii.  p.  40)  has  noticed  that  CO,  is  somewhat  more  soluble  in  water 
containing  NaCl  than  in  pure  water,  a  little  NaCl  being  decomposed 
by  COg,  and  HCl  being  liberated ;  the  latter  can  be  proved  by  the 
destructive  action  of  the  HCl  upon  ultramarine.  It  is  wonderful 
that  nobody  has  yet  taken  out  a  patent  for  alkali-making  on  the 
strength  of  this  reaction  I 

17.  By  means  of  boric  acid. — ^Bohme  found,  in  1848  (Wagner^s 
'  Kegesten,'  p.  23),  that  boric  hydrate  decomposes  common  salt,  in 
the  presence  of  steam,  into  sodium  borate  and  hydrochloric  acid. 
The  former  might  be  conyerted  by  lime  into  caustic  soda  and  cal- 
cium borate,  and  from  the  latter  the  boric  acid  regenerated  (no 
doubt  by  HCl !),  to  be  used  again.     This  proposal,  which  the  high 

y2 
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price  and  inevitable  loss  of  boric  acid  makes  appear  chimerical^  was 
patented  by  Mar^eritte  on  Jan.  20th^  1855. 

18.  By  means  of  ammonium  carbonate, — ^To  this  process  Chapter 
XVI.  will  be  entirely  devoted. 

19.  By  means  of  calcium  sulphide. — ^According  to  Greenshield's 
patent  (Dec.  22nd,  1853),  gypsum  and  small  coal  are  to  be  brought 
to  a  red  heat  and  common  salt  and  more  small  coal  added,  and 
heat  applied  till  no  more  gas  is  given  off;  the  mass  is  cooled  and 
lixiviated,  the  solution  boiled  down;  and  the  salt  obtained  is 
fused  in  a  black-ash  furnace  with  coal  and  chalk.  The  descrip- 
tion of  the  process  is  very  obscure,  but  does  not  invite  any  special 
study. 

20.  By  means  of  steam  only. — Sheridan,  on  Aug.  31st,  1837, 
patented  the  decomposition  of  common  salt  in  the  state  of  vapour 
by  steam  "  or  hydrogen  '*  at  a  bright-red  heat.  He  figures  an  ap- 
paratus consisting  of  two  conical  furnaces ;  the  inner  one  serves  for 
receiving  the  salt  and  introducing  the  steam,  the  outer  one  for 
forming  and  removing  the  alkali  and  the  vapour  of  HCl. 

Swinburne,  on  Nov.  21st,  1862,  patented  the  same  thing;  and 
so  did  Gillard  on  July  16th,  1861,  and  July  22nd,  1865  (steam  of 
1000^  C.  was  to  be  employed,  and  introduced  into  the  melted  salt 
through  platinum  tubes) . 

Powers  and  Dale  (patent  of  Jan.  10th,  1863)  propose  the  same, 
but  hope  to  assist  the  decomposition  by  adding  oxide  of  iron,  alu- 
minium, or  manganese. 

Henry  (for  Laurent)  obtained  provisional  protection,  Dec.  26th, 
1865,  for  decomposing  melted  sodium  chloride  by  superheated 
steam. 

Weldon,  on  Oct.  26th,  1866,  patented  the  same,  along  with  the 
decomposition  of  sodium  fluoride  or  nitrate  by  steam,  indicating 
special  heating-appliances. 

Cabot  (Chem.  News,  xxxi.  p.  243)  describes  laboratory  experi- 
ments on  decomposing  common  salt  by  superheated  steam ;  he  ob- 
tained hydrochloric  acid  and  alkaline  ashes.  Evidently  the  reaction 
2  NaCl  +  HjO = Na^O  +  2  HCl  had  taken  place ;  but ''  of  course  the 
yield  was  no  approach  to  the  theoretical  one,  and  it  could  not  be 
applied  as  a  technical  process.^' 

Similar  experiments  were  made  by  Viedt  (Wagner's  Jahresb. 
1875,  p.  383)  without  any  practical  result;  but  he  did  not 
abandon  all  hope  of  final  success. 
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21,  By  means  of  the  galvanic  ctirrent. — Cook^s  patent  of  May  3rd, 

1851,  prescribes  that  a  tank  is  to  be  divided  by  two  porous  dia- 
phragms into  three  compartments,  copper  plates  placed  in  the 
middle,  and  large  pieces  of  iron  in  each  of  the  other  two,  and  con- 
nected with  the  copper  plates  by  slips  of  copper ;  the  middle  com- 
partment is  filled  with  water,  the  two  outer  ones  with  a  solution  of 
common  salt.  If  the  temperature  is  kept  above  21°  C,  the  decom- 
position of  the  salt  is  said  to  be  accomplished  within  seven  days. 
Soon  after  (on  Sept.  25th,  1851),  C.  Watt  describes  the  same  pro- 
cess much  more  explicitly  and  extended  to  many  salts ;  and  the 
same  thing  was  patented  by  Stanley  on  April  5th,  1853.  Such 
processes  could  in  any  case  only  become  useful  if  the  electricity 
required  for  decomposing  a  molecule  of  common  salt  could  be 
generated  with  the  expenditure  of  less  coal  than  we  require  in 
the  ordinary  process,  which  undoubtedly  is  not  the  case. 

II.  Soda  from  Sulphate. 

A.  WithotU  converting/  it  into  Sulphide, 

1.  By  means  of  lime. — ^Already  in  1789  Delius  intended  decom- 
posing sulphate  by  lime  into  caustic  soda  and  gypsum ;  afterwards 
Achard,  Scheele,  Klaproth,  Gottling,  and  Westrumb  occupied 
themselves  with  the  same  matter,  and,  indeed,  made  soda  by  this 
process.  Anthon  in  1840  showed  that  the  decomposition  is  only 
imperfect  (Wagner's  ^  Regesten,'  p.  46) .     Claussen,  on  Feb.  3rd, 

1852,  took  out  an  English  patent  for  manufacturing  sodium  hydrate 
and  carbonate  by  boiling  sodium  sulphate  with  the  hydrate  of 
calcium,  barium,  or  strontium  :  the  earthy  sulphate  is  precipitated ; 
and  NaOH  remains  in  solution;  by  long  exposure  to  the  air  it  is 
changed  into  carbonate.  Conmion  salt  is  also  decomposed  ^^  by 
means  of  certain  organic  acids,  which  are  afterwards  decomposed 
by  heat,''  by  ''  gaseous  acids,"  by  '^  hydrates,  oxides,  peroxides, 
and  certain  metallic  bases  j  also  by  certain  carbonates,  carbonate  of 
ammonia  excepted.''  From  this  medley  every  body  may  pick  out 
what  suits  him.  A  better  result  than  by  boiling  with  quicklime 
under  ordinary  circumstances  was  expected  to  be  attained  by 
Hunter  (patent  dated  April  8th,  1865)  by  boiling  under  pressure. 
Good  results  were  to  be  obtained,  with  sulphate  of  soda  '^  by  boiling 
a  solution  of  sp.  gr,  1-100,  at  a  pressure  of  from  40  to  50  lb.  per 
square  inch/'  and  with  sulphate  of  potash  '^  by  boiling  a  solution  of 
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sp.  gr.  1*100^  at  a  pressure  of  from  80  to  90  lb.  per  square  inch^  till 
a  test  shows  that  the  reaction  is  finished.  An  excess  of  lime  is 
useful,  and  may  be  utilized  by  employing  the  residue  of  Ca(0H)2 
and  CaS04  for  the  first  treatment  of  a  fresh  portion  of  alkaline  sul- 
phates, and  decomposing  the  latter  by  a  second  boiling  with  fresh 
quicklime.  Some  varieties  of  lime  are  less  active  than  others.  The 
gypsum  is  separated  from  the  caustic  lye  by  filtering  under  pres- 
sure, lest  any  backward  decomposition  set  in;  and  the  caustic  soda 
is  used  as  such  or  converted  into  carbonate  by  introducing  CO3  or 
by  evaporating  over  CaCOs.^'  Hill  (Chem.  News,  xxvii.  p.  165) 
examined  the  action  of  lime  on  sulphate  with  or  without  pressure, 
and  obtained  very  discouraging  results.  By  boiling  without  pres- 
sure he  could  only  obtain  1  per  cent,  of  the  sulphate  as  NaOH ;  at 
a  pressure  of  nearly  3  atmospheres  only  6  per  cent.,  and  at  a  pres- 
sure of  13  atmospheres,  continued  for  several  hours,  only  13  per 
cent,  was  converted  into  NaOH. 

2.  By  means  of  caustic  baryta. — Undoubtedly  the  decomposition 
of  sodium  sulphate  and  barium  hydrate  to  barium  sulphate  and 
sodium  hydrate,  which  takes  place  even  in  cold  solutions  directly 
and  completely,  would  be  an  extremely  convenient  soda-making 
process,  if  the  preparation  of  caustic  baryta  were  possible  in  a  simple 
and  cheap  way ;  but  the  prospect  of  realizing  this  indispensable  con- 
dition is  as  far  distant  as  ever. 

Patents  for  this  process  have  been  granted : — to  Puller  (April  3rd, 
1819),  who  intended  making  caustic  baryta  by  heating  carbonate, 
and  utilizing  the  CO^  driven  off  for  carbonating  the  caustic  soda ; 
further,  to  Samuel  (Nov.  13th,  1838),  who  employed  the  sulphides 
of  barium  and  strontium,  made  from  the  sulphates  by  reduction  with 
coal,  and  converted  the  sodium  sulphide  formed  into  carbonate  by 
means  of  CO^;  moreover  he  patented  the  direct  application  of 
barium  or  strontium  hydrate,  made  from  the  sulphides  by  means  of 
copper  oxide.  Anthon  in  1840  tried  SamueFs  process,  and  obtained 
good  results. 

R.  Wagner  (Begesten,  p.  50)  also  found  that  sodium  sulphate  is 
easily  and  completely  decomposed  by  caustic  baryta  at  all  tempe- 
ratures and  pressures,  and  that,  as  H.  Rose  had  stated,  a  solution 
of  sodium  hydrate,  if  COj  is  kept  off,  does  not  act  upon  BaSO^. 
Hof acker  (Dingl.  Joum.  clxix.  p.  76)  made  again  the  '^  novel '^ 
proposal  of  employing  caustic  baryta,  obtained  by  calcining  the 
native  carbonate  or  by  reducing  the  sulphate  and  treating  the  BaS 
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with  CiiO^  for  decomposing  sodium  sulphate ;  and  Hunter^  on  Nov. 
17th^  1864^  patented  the  same  thing. 

All  these  proposals  must  remain  futile  until  a  much  cheaper  pro* 
cess  for  making  caustic  baryta  than  any  of  those  known  hitherto 
has  been  discovered.  When  this  is  done^  then  certainly^  as  Hof- 
mann  says  (Report  by  the  Juries^  1863^  p.  64>),  the  alkali-manu- 
facture will  be  reTolutionized ;  but  depending  upon  such  '^  whens  ^' 
any  revolution  whatever  may  be  made.  Hofmann  adds  very  justly 
that  in  such  a  case  the  use  of  caustic  baryta  would  mostly 
supersede  that  of  caustic  alkaline  lyes. 

3.  By  means  of  caustic  strontia  (comp.  also  nos.  1  and  2). — 
Ungerer  (Dingl.  Joum.  clxxxviii.  p.  140)  makes  the  following  pro- 
posal. Firsts  by  boiling  equivalent  quantities  of  ammonium  sul- 
phate and  sodium  chloride  in  concentrated  solutions^  anhydrous 
sodium  sulphate  is  to  be  obtained^  which  is  precipitated  and  fished 
out ;  on  coolings  ammonium  chloride  crystallizes ;  and  the  mother 
liquor  on  evaporation  again  furnishes  sodium  sulphate.  The  latter^ 
dissolved  in  water  and  mixed  with  caustic  strontia^  yields  very  pure 
caustic  soda  and  a  precipitate  of  strontium  sulphate.  The  ammo- 
nium chloride  previously  obtained  is  converted  by  calcium  carbo- 
nate into  ammonium  carbonate ;  and  this,  digested  with  the  stron- 
tium sidphate,  yields  strontium  carbonate  and  ammonium  sulphate. 
The  latter  serves  for  decomposing  fresh  salt ;  the  former  is  mixed 
with  coal  and  ignited  in  a  reverberatory  furnace  with  the  assistance 
of  steam,  till  it  has  given  up  its  carbonic  acid,  which  is  easily  done. 
Thus  the  raw  n^aterials  are  only  common  salt  and  lime  and  as  much 
strontia  [and  ammonia  !]  as  is  required  for  replacing  the  inevitable 
loss  in  manufacturing.  The  hydrochloric  acid  is  certainly  lost  with 
the  calcium  chloride.  Ungerer  points  out  as  advantages  of  his 
process  that  strontiimi  sulphate  can  be  converted  into  carbonate  by 
digestion  with  ammonium  carbonate,  and  that  strontium  carbonate 
more  easily  yields  up  its  CO^  than  BaCOs.  But  he  himself  admits 
that  the  decomposition  of  SrS04  is  not  perfect ;  strontium  sulphide 
is  formed,  and  consequently  sodium  sulphide,  and  that  in  consider- 
able quantity.  Even  apart  from  that,  this  ingeniously  combined 
process  is  useless ;  a  considerable  quantity  of  SrCOg  will  not  be 
changed  into  SrO,  and  will  consequently  be  lost;  and  the  loss  of 
ammonia  will  be  even  worse.  If  ammonia  is  to  be  employed  at  all, 
no  doubt  the  much  simpler  process  of  Dyar  and  Hemming  will 
be  resorted  to. 
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4.  By  means  of  calcium  bicarbonate. — ^Pongowski  (French  patent 
of  March  27th^  1872)  adds  to  a  solution  of  alkaline  sulphate  a  little 
more  than  the  theoretical  quantity  of  finely  powdered  limestone, 
covers  up  the  vessel,  and  conducts  a  current  of  COj  into  it,  con- 
stantly agitating.  Calcium  bicarbonate  is  formed,  which  is  decom- 
posed with  the  alkaline  sulphate ;  after  eight  hours  the  latter  is 
completely  converted  into  carbonate.  The  mixture  is  allowed 
to  settle,  the  liquid  poured  off  from  the  precipitate  and  boiled 
down. 

5.  By  means  of  strontium  carbonate. — Most  of  the  proposals  made 
for  barium  carbonate  also  refer  to  this. 

6.  By  means  of  barium  carbonate. — According  to  Wagner's 
'  Regesten,'  p.  46,  the  first  experiments  with  this  were  made  in  1826 
by  Kastner  at  Erlangen,  and  that  in  the  dry  way,  but  imsucoess- 
ftilly ;  Anthon,  on  repeating,  in  1840,  Kastner's  experiments,  was 
no  more  fortunate.  Kolreuter  first  tried  the  wet  way,  in  1828. 
He  prescribed  the  precipitation  of  barium  carbonate  from  a  solu- 
tion of  chloride  by  means  of  ammonium  carbonate,  washing  out 
the  precipitate,  putting  it  in  the  state  of  paste  into  a  solution  of 
sodium  sulphate,  and  boiling  for  an  hour  with  the  latter.  One  part 
of  BaCOa  (calculated  as  dry)  is  to  decompose  two  parts  of  crystal- 
lized sodium  sulphate,  and  to  yield  1^  part  of  soda  crystals.  But 
it  is  a  fact  that  in  this  way,  even  with  an  excess  of  BaCOg  and  on 
boiling,  Na3S04  can  never  be  completely  decomposed.  This  was 
confirmed  in  1832  by  Erdmann  and  Buchner.  C.  Lennig  in  1851 
received  a  patent  in  several  German  States  for  a  process  of  making 
soda  from  sulphate  by  means  of  barium  carbonate.  In  England  an 
anonymous  person  obtained  a  patent,  through  H.  Taylor,  on  March 
15th,  1851.  This  patent  refers  to  barium  and  strontium  salts,  and 
prescribes  the  regeneration  of  their  carbonates  from  the  sulphates 
by  reduction  to  sulphides  and  application  of  CO^ ;  the  H^S  escaping 
is  to  be  burnt  into  S  and  H^O,  or  into  SO3  for  acid-chambers.  He 
also  mentions  that  the  decomposition  of  the  sulphates  with  barium 
or  strontium  carbonate  is  "  facilitated ''  by  a  current  of  COj ;  but 
he  was  evidently  not  acquainted  with  the  necessity  of  this  addition, 
nor  does  he  give  any  special  instructions  for  carrying  out  the  above- 
mentioned  reactions,  which  are  merely  mentioned  as  suggestions. 
On  April  23rd,  1856,  Balmain  and  Colby  again  patented  the  reac- 
tion between  BaCOg  and  the  alkaline  sulphates,  without  any  essen- 
tial innovation.    In  1858  Kessler  again  drew  attention  to  barium 
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carbonate ;  also  Hofacker^  who  started  from  the  erroneous  suppo« 
sition  that  BaCOg  and  NasS04  are  smoothly  and  easily  converted 
into  NagCOs  and  BaSO^.  Sat  unfortunately  a  large  portion  of 
Na^SO^  always  remains  undecomposed^  at  whatever  temperature  the 
operation  may  be  conducted.  Hill  (Chem.  News,  xxvii.  p.  165) 
mentions  that  on  boiling  equivalent  quantities  of  sodium  sulphate, 
barium  carbonate,  and  lime  under  pressure  (but  what  pressure  ?)  a 
complete  conversion  into  caustic  soda  had  been  attained,  but  him- 
self  doubts  the  possibility  of  recovering  the  barium  carbonate  from 
the  mixture  of  barium  sulphate  and  calcium  carbonate  in  an  eco- 
nomical way. 

Much  better  results  are  obtained  by  working  with  barium  bicar- 
bonate ;  in  this  case  complete  decomposition  can  be  obtained  with 
equivalent  quantities  of  the  two  salts.  In  1857  B.  Wagner 
(Jahresb.  1857,  p.  104)  proved  that  a  clear  solution  of  barium  bi- 
carbonate, obtained  by  passing  COg  (no  doubt  in  great  excess) 
through  BaCOs  suspended  in  water,  decomposes  with  Na^SO^  into 
BaS04  aud  NaHCOs  >  ^^^  ^^^  process,  considering  the  very  slight 
solubility  of  barium  bicarbonate  (1 :  800  water),  cannot  lay  claim 
to  any  technical  value. 

A  further  step  was  taken  by  Kuhlmann  (Hof mann.  Report  by  the 
Juries,  1863,  p.  32),  who,  on  repeating  Wagner's  experiments,  got 
better  results  by  employing  a  pressure  of  three  or  four  atmospheres, 
simply  because  then  a  somewhat  more  concentrated  solution  of 
barium  bicarbonate  can  be  obtained.  Very  important  was  the  re- 
mark made  by  Wagner  in  his  '  Jahresbericht,'  1864,  p.  166,  that 
complete  conversion  of  BaCOg  into  BaH2(C03)s  is  not  necessary, 
and  that  a  comparatively  slight  proportion  of  the  latter  may  make 
the  decomposition  of  Na3S04  perfect.  For  all  that,  the  great  dilu- 
tion of  the  liquids  prevented  an  industrial  application  of  the  pro- 
cess ;  and  this  was  only  approached  by  a  proposal  made  by  Brunner 
(Dingl.  Joum.  clxxvi.  p.  127) .  It  consisted  in  dissolving  1  part 
of  sodium  sulphate  in  30  or  40  parts  of  water,  suspending  in  it  2 
parts  of  barium  carbonate  obtained  by  precipitation,  and  passing 
through  the  liquid  at  the  ordinary  temperature  a  current  of  carbonic 
acid,  with  frequent  shaking  or  stirring.  With  a  few  grams  of  sub- 
stance the  decomposition  was  complete  in  an  hour.  The  resulting 
solution  contains,  besides  sodium  bicarbonate,  a  little  barium  bi- 
carbonate, which  on  boiling  is  decomposed  into  CO^  and  precipi- 
tated BaCOf    Of  natural  barium  carbonate,  finely  ground,  a  large 


330  SODA. 

excess  (aboat  four  times  the  quantity  of  sodium  sulphate)  is  re- 
quired. In  order  to  prepare  precipitated  SaCOg^  which  is  more 
active^  native  sulphate  of  baryta  was  to  be  i^ited  with  powdered 
coal  and  rosin  in  a  crucible^  the  product  lixiviated  with  water,  and 
the  solution  treated  with  CO^.  Any  barium  sulphide  remaining  in 
the  precipitate  does  no  harm,  as  it  is  not  decomposed  afterwards. 
The  carbonic  acid  for  this  process  was  to  be  prepared  by  means  of 
limestone  and  hydrochloric  acid  (sic  !) ;  '^  but  since  the  quantity  of 
HCl  obtained  in  decomposing  theNaCl  is  not  sufficient  for  supplying 
the  quantity  of  CO^  required  for  this  process,  some  more  must  be 
made  in  different  ways,  of  which  a  sufficient  number  are  known"  (!) . 
This  proposal  is  proved,  in  each  sentence,  to  have  proceeded  from 
a  purely  laboratory  point  of  view,  with  complete  ignorance  of  the 
conditions  required  in  practice.  What  should  be  done  with  the 
Bulphuretted  hydrogen  is  not  even  hinted  at  by  Brunner. 

The  author  of  this  treatise,  unacquainted  with  either  Taylor's 
patent  or  Brunner's  proposal  (the  latter  of  which  was  only  pub- 
lished after  he  had  completed  his  own  labour),  but  incited  by 
Wagner's  publications,  independently  hit  upon  the  plan  of  making 
the  process  technically  possible  by  not  commencing  with  a  solution 
of  barium  bicarbonate,  but  passing  carbonic  acid  into  a  solution 
of  sodium  sulphate  in  which  barium  carbonate  was  suspended ;  the 
small  quantity  of  barium  bicarbonate  formed  would  at  once  decom- 
pose sodium  sulphate,  and  would  be  removed  irom  the  liquid  as 
barium  sulphate,  thus  enabling  the  liquid  to  dissolve  a  further 
quantity  of  barium  bicarbonate,  and  so  forth,  till  all  the  sodium 
sulphate  was  decomposed.  But  in  order  not  to  lose  too  much  car* 
bonic  acid  and  to  make  the  regeneration  of  barium  carbonate 
feasible  in  an  economical  way,  a  combination  of  apparatus  and 
processes  was  thought  out,  which  is  described  in  an  English  patent 
of  April  20th,  1866,  and  in  the  '  Chemical  News,'  xxvii.  p.  139. 
Here  we  shall  only  mention  the  principal  features  very  briefly. 
The  COs  is  made  by  burning  coke,  or  taken  from  a  lime-kiln,  or 
purified  by  Ozouf's  plan  (that  is,  first  passing  it  through  a  solu- 
tion of  sodium  carbonate,  which  allows  the  indifierent  gases  to 
escape,  and  on  boiling  gives  ofi^  pure  COs).  It  then  passes  through 
several  closed  iron  cylinders,  provided  with  mechanical  agitators, 
containing  a  solution  of  sodium  sulphate  along  with  a  sufficient 
quantity  of  precipitated  barium  carbonate ;  when  the  decomposi- 
tion is  finished  in  the  first  cylinder,  the  ^  is  turned  on  to  the 
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second  cylinder^  whose  contents  are  partially  finished^  whilst  the 
first  cylinder  is  getting  emptied  and  refilled,  and  then  receives  the 
gas  issuing  firom  the  other  cylinder.  As,  however,  the  current  of 
COs  must  be  a  strong  one  and  a  good  deal  of  it  escapes  even  &om  the 
second  cylinder,  the  gas  is  conducted  through  further  vessels,  in 
which  it  acts  upon  barium  sulphide,  and  thus  the  COj  is  completely 
spent ;  H^S  escapes,  mixed  with  indifferent  gases ;  and  SaCOg  is 
precipitated.  The  latter  is  at  once  utilized  in  the  state  of  mud  in 
the  first  cylinder.  The  barium  sulphide  is  obtained  from  the  BaSO^ 
formed  in  the  first  vessels,  by  igniting  with  coal  and  lixiviating,  which 
with  proper  apparatus  presents  no  difficulty.  Up  to  this  stage  the 
author  had  actually  carried  out  the  process  on  a  pretty  large  scale. 
For  the  most  difficult  part  of  his  task,  the  utilization  of  the  H^S, 
he  had  in  his  patent  made  several  proposals,  which,  however,  were 
never  practicidly  tried,  and  which  undoubtedly  could  not  have  been 
carried  out  exactly  in  the  way  proposed  on  any  really  large  scale. 
In  his  publication  the  author  himself  admits  that  his  process  would 
cost  more  for  plant  and  working  expenses  than  Leblanc's;  but 
a  much  larger  yield  and  much  purer  carbonate  is  obtained  by  it ; 
and  he  thought  it  well  adapted  for  making  such  pure  alkali,  pro- 
vided that  the  difficulty  of  disposing  of  the  sulphuretted  hydrogen 
coxdd  be  satisfactorily  overcome.  Now-a-days  the  author  would  not 
consider  his  own  proposal  able  to  compete,  even  for  pure  alkali, 
with  the  ammonia  process,  which  likewise  supplies  very  pure  soda. 
Three  years  later  Puissant  patented  something  similar  in  France. 
He  is  silent  on  the  recovery  of  SaCOg;  and  he  proposes  decompo- 
sing the  solution  of  sodium  bicarbonate  with  lead  sulphate  into 
sodium  sulphate  and  lead  carbonate,  the  latter  to  serve  as  white 
lead  [which  it  cannot  do] .  This  is  properly  only  a  white-lead  pro- 
cess, and  that  an  impracticable  one.  Lawrence  Smith  in  1878 
('  Chemical  News,'  xxvii.  p.  310)  described  the  same  process  (with 
barium  carbonate,  carbonic  acid,  and  sodium  sulphate)  as  one  never 
before  described  (I) ;  he  adds  the  proposal  to  prepare  the  alkaline 
carbonates  by  calcining  the  tartrates  or  oxalates,  which  can  be  ob- 
tained from  barium  carbonate,  sodium  sulphate,  and  the  organic 
acid.  Of  course  this  could  not  be  intended  for  a  technical  process 
at  all. 

7.  By  means  of  calcium  acetate. — Proposed  by  Crell  in  1778,  by 
Millet  in  1822,  by  MoUerat  and  Payen,  and  by  Lampadius. 

8.  By  means  of  lead  acetate  (Eirwan,  in  1789). 
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9.  By  means  of  barium  acetate  (proposed  as  late  as  1842  by 
Anthon) . 

These  three  proposals  possess  only  historical  interest ;  equally  so 
the  following,  namely 

10.  jBy  means  ofpotassium  carbonate  (Wagner's  'Regesten/  p.  45). 
— ^C.  F.  Hagen  showed,  in  1768,  that  from  a  mixed  solution  of 
sodium  sidphate  and  potassium  carbonate  first  a  crop  of  potassium 
sulphate,  and  then  one  of  sodium  carbonate  is  obtained.  Bergman 
(1781),  Wiegleb,  Gottling,  Accum,  Nasse  have  each  described  this 
process,  which,  at  the  then  ruling  prices  of  potash  and  soda,  was  not 
so  completely  absurd  in  an  economical  point  of  view  as  in  1840, 
when  Anthon  thought  it  worth  while  to  try  it  on  a  large  scale  and 
pronounce  favourably  upon  it  I 

11.  By  means  of  ammonium  carbonates. — ^According  to  Bower's 
patent  of  March  4th,  1840,  in  a  cylinder  provided  with  mechanical 
agitating-gear  86  parts  of  ordinary  ammonium  (sesqui-)  carbonate 
are  stirred  for  18  to  24  hours  with  100  parts  of  sodium  sulphate 
and  200  water,  and  a  current  of  carbonic  acid  is  passed  through 
the  mixture ;  there  result  a  precipitate  of  sodium  bicarbonate  and 
a  solution  of  ammonium  sulphate.  The  ammonium  sulphate  can 
serve  for  decomposing  common  salt;  and  from  the  ammonium 
chloride  the  bicarbonate  is  regenerated.  The  sodium  bicarbonate 
is  converted  into  monocarbonate  by  ignition  in  a  closed  vessel ;  so 
that  the  adhering  ammonium  salt  is  not  lost.  The  process  of  6er- 
lach,  to  be  described  in  the  16th  Chapter,  is  essentially  the  same 
as  the  above.  It  cannot  very  well  compete  with  Dyar  and  Hem- 
ming's  ammonia  process. 

12.  By  means  of  alumina  as  bauxite  and  of  ferric  oande  respec' 
tively. — Sodium  sulphate  mixed  with  alumina  is  not  decomposed 
even  at  a  white  heat,  but  is  decomposed  if  steam  is  admitted.  In 
Tilghman's  patent  of  1847  (see  p.  317)  this  process  was  also  de- 
scribed. Wagner  (Jahresb.  1865,  p.  328)  found  that  on  working 
in  a  muffle  (that  is,  excluding  the  COs,  which  acts  upon  the  alumi- 
nate),  even  with  three  equivalents  of  Al^Os  to  one  of  Na^SO^,  at 
most  only  40  per  cent,  of  the  sulphate  could  be  converted  into  alu* 
minate,  the  muffle  being  very  strongly  corroded.  Bauxite  behaves 
similarly ;  ferric  oxide  acts  better,  but  only  at  an  extremely  high 
temperature,  hardly  attainable  in  manufacturing-practice.  The 
soda  of  the  sulphate  is  easily  convertible  into  aluminate  if  coal  ia 
added  to  the  mixture  and  then  heat  applied  ;  but  bauxite,  which 
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always  contains  iron,  cannot  be  used  in  this  way,  because  with  it 
the  well-known  ferro-sodic  sulphide  is  constantly  formed.  The 
recommendation  of  the  process  by  Balard  (Hofmann,  Report  by 
the  Juries,  1863,  p.  69)  takes  no  account  of  this. 

Bauxite  is  a  connecting  link  between  diaspore  (pure  Als(OH)e) 
and  brown  hematite ;  the  more  the  iron  predominates  in  it,  the 
more  the  white  colour  passes  into  brown.  It  was  originally  found 
in  Prance  near  the  village  of  Baux ;  in  the  departments  of  Var  and 
of  the  Bouches  du  Rhdne,  from  Tarascon  to  Antibes,  a  distance  of 
100  miles,  many  deposits  are  found,  some  of  them  several  dozens 
of  yards  thick.  Deposits  are  also  found  in  the  departments  de 
THerault  and  de  FAridge.  Quite  recently  very  good  bauxite  has 
been  found  at  Hadamar  in  Hessia.  Very  important  deposits  were 
found  by  Fleckner  in  the  Austrian  proviuce  of  Krain,  on  the  Sava 
in  Wochein,  and  on  the  Feistritz.  This  mineral,  also  called  woch- 
einite,  is  of  dense  earthy  structure,  whilst  the  varieties  occurring 
in  France,  and  also  in  Ireland  (at  Irish  Hill  and  Straid,  co.  An- 
trim), are  oolitic  conglomerates.  The  following  analyses  (p.  334) 
give  an  idea  of  the  varying  proportions  of  alumina  and  ferric 
oxide;  besides  the  constituents  mentioned  here,  the  bauxites  con- 
tain traces  of  lime,  magnesia,  sulphuric,  phosphoric,  titanic,  and 
vanadic  acids.  The  Irish- Hill  bauxite  is  stated  to  be  almost  free 
from  iron. 

Instead  of  decomposing  the  sodium  aluminate  by  CO^,  in  which 
case  a  modification  of  alumina  not  easily  soluble  in  acetic  acid  is 
formed,  Lowig  Brothers  (German  patent  no.  93, 1877)  add  milk  of 
lime  to  an  aqueous  solution  of  sodium  aluminate,  whilst  heating  it, 
till  the  liquid  has  become  completely  caustic  and  all  the  alumina  is 
precipitated ;  then  caustic  alkali  remains  in  solution,  and  a  perfectly 
insoluble  compound  of  Al^Og  with  3CaO  is  precipitated.  The 
latter  is  separated  from  the  caustic  lye,  divided  into  two  halves,  one 
half  completely  dissolved  in  hydrochloric  acid,  while  the  other  half, 
made  into  a  cream  with  water,  is  added  until  a  filtered  sample 
shows  slight  traces  of  alumina  in  solution.  Calcium  chloride  passes 
into  solution ;  and  a  modification  of  aluminium  hydrate  remains 
behind,  which  is  adapted  in  an  eminent  degree  for  decolorizings, 
especially  of  sugar-liquors,  and  is  also  readily  soluble  in  acetic  acid. 
An  additional  patent.  No.  1650  (Dec.  21, 1877),  describes  the  pre- 
paration of  sodium  aluminate  from  bauxite  or  (more  correctly) 
cryolite ;  but  as  it  starts  from  fusion  with  sodium  carbonate,  and 
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its  proper  object  is  the  preparation  of  pare  alamina  along  with 
caustic  soda^  we  must  refer  to  the  patent  itself.  The  reactions 
employed  in  Lowig^s  process  are  :— 

I.  NaeAJ2O6+3Ca(0H)8=6NaOH  +  Ca3Al2O8. 
IL  Ca8AlA  +  12HCl=3CaCl2  +  Al2Glfl  +  6H30. 

Ill,  Ca3 AljOe  +  AI3CU + 6  HaO = 3 CaCl^ + 2 Al^  (0H)8. 

13.  By  means  of  silica, — ^Water  glass  (sodium  silicate)  was  long 
since  made  by  melting  together  sand^  sodium  sulphate^  and  coal^ 
SOg  escaping ;  but  as  the  material  of  the  furnaces  was  quickly  de- 
stroyed, most  manufacturers  prefer  making  water  glass  by  fluxing 
sand  with  sodium  carbonate.     From  the  water  glass,  by  introducing 
COg^  an  aqueous  solution  of  sodium  carbonate  can  be  obtained,  but 
much  more  expensively  than  by  Leblanc^s  process ;  for  the  furnace- 
process  is  not  done  away  with,  and  carbonic  acid  is  not  to  be  had 
for  nothing.     The  proposal  to  employ  the  separated  silica  over  again 
for  decomposing  sulphate  does  not  mend  matters,  since  ordinary 
sand  will  do  as  well.    From  the  solution  of  water  glass  also  caustic 
soda,  along  with  calcium  silicate,  can  be  obtained  by  boiling  with 
lime.     One  of  the  greatest  difficulties  in  this  process  is  the  washing 
of  the  gelatinous  hydrate  of  silica.     The  separation  of  the  calcium 
silicate  from  the  caustic  lye  is  said  to  be  less  difficult :  but  here  also 
great  difficulties  must  exist;  for  this  seemingly  advantageous  plan 
for  making  caustic  soda  is  not  employed,  although  it  has   been 
known  for  generations.    In  February  1874  the  St.-GobaiQ  Company 
took  out  a   French  patent  for  this   old  process.     It  prescribes 
melting  71  parts  of  sodium  sulphate,  80  parts  of  Fontainebleau 
sand,  and  8  or  9  parts  of  small  coal  in  a  closed  crucible,  dissolving, 
and  making  from  the  solution  either  sodium  carbonate  by  means  of 
CO^  or  caustic  soda  by  means  of  lime.     The  SO3  escaping  during 
the  melting  is  to  be  used  in  sulphuric-acid  making  (but  how^  in  the 
presence  of  carbonic  acid?).     It  is  almost  needless  to  say  that  this 
process  has  not  been  carried  out  to  any  great  extent. 

14.  By  means  of  galena  or  blende  (Wagner's  ^Regesten,'  p.  53). 
— Baudrimont  and  Pelouze  noticed  (1833)  that,  on  heating  sodium 
sulphate  with  galena  in  the  presence  of  silica,  sodium  plumbate 
(Na^PbOj)  was  formed.  How  this  reaction  is  to  be  practically 
carried  out  is  not  stated  in  our  authority;  but  the  addition  is  made 
that  blende  may  be  substituted  for  galena. 

15.  By  means  of  hydrofluoric  add. — Among  the  three  soda- 
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making  processes  whicli  Weldon  patented  on  March  Ist^  1866^ 
there  is  one  employing  hydrofluoric  acid^  which  comprises  the  fol- 
lowing stages  : — ^'  1st.  Sodium  chloride  and  magnesium  sulphate 
are  mutually  decomposed^  either  in  the  dry  way  or^  better^  by  mixing 
their  solutions  and  cooling  down  to  —  4^  C. ;  sodium  sulphate  crys- 
tallizes out ;  and  the  mother  liquor^  by  boiling  down  the  MgCl^  and 
heating,  is  decomposed  into  MgO  and  HCl  [incompletely  I] .  2nd. 
The  NagS04  ^^  treated  with  aqueous  solution  of  HPl,  which  causes 
the  formation  of  hydrosodic  sulphate  and  sodium  fluoride 

(Na^S  O4 + HPl = NaHS04 + NaFl) . 

The  treatment  takes  place  in  the  cold  in  a  suitable  vessel  lined  with 
lead  or  gutta  percha  &c.^  and  is  finished  by  a  few  minutes^  stirring ; 
NaFl  settles  down  as  a  dense  precipitate ;  NaHS04  remains  in  solu- 
tion. 3rd.  This  NaFl  is  decomposed  by  the  magnesia  obtained  in 
1^  by  boiling  in  an  aqueous  solution^  caustic  soda  and  magnesium 
fluoride  being  thus  formed^ 

2  NaFl  4- MgO  4- H4O = 2  NaOH  4- MgFly 

4th.  The  MgFl^  from  the  3rd  operation  is  decomposed  by  the 
NaHS04  from  the  2nd  into  magnesium  sulphate^  hydrofluoric  acid^ 
and  sodium  fluoride : 

2MgFl«+2NaHS04=2MgS04+2NaFl4-2HFl.^' 

This  also  is  said  to  take  place  at  a  slightly  eleyated  temperature ; 
and  '^  thus  all  the  materials^  except  salt  and  coal^  are  recovered  '^ 
[in  theory] . 

The  following  is  mentioned  as  a  still  shorter  method : — 1st.  So- 
dium fluoride  is  decomposed  by  superheated  steam  into  caustic  soda 
and  hydrofluoric  acid^ 

NaFl + HjO =NaOH  +  HFl. 

2nd.  As  in  the  2nd  stage  of  the  preceding^  sodium  sulphate  is  de- 
composed with  the  HFl  from  No.  1  into  hydrosodic  sulphate  and 
sodium  fluoride^  the  latter  serving  again  for  the  1st  operation.  3rd. 
The  hydrosodic  sulphate  is  by  common  salt  decomposed  into  sodium 
sulphate  and  hydrochloric  acid^  and  the  former  employed  for  the 
2nd  operation : 

NaCl+NaHS04=Na«S04+ Ha. 
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Neither  of  these  plans  has  founds  or  is  likely  to  find,  any 
practical  application. 

According  to  Jean  (Comp.  Bend.  Ixvi.  p.  801),  by  melting  100 
parts  of  fluorspar  with  140  of  calcium  carbonate,  200  sodium  sul- 
phate, and  coal  in  excess  a  mass  can  be  obtained  which  on  lixivia- 
tion  yields  a  clear  solution  of  NaPl,  free  from  Na^S,  according  to 
the  equation 

2CaFl«+2NagS04+2CaC08+13C=4NaFl+CaO 
+  2CaS  +  13CO. 

[This  equation  is  wrong ;  but  we  might  put  it 

2  CaRg + 2  ITa^SO^ + CaCOj + 9  C  =4  NaFl + CaO 
+  2CaS  +  10CO.] 

The  sodium  fluoride  is  easily  obtained  in  the  pure  state  by  eva- 
poration and  crystallization.  Experiments  made  in  the  author's 
laboratory  showed  that  but  little  sodium  fluoride  is  formed,  and 
that  it  can  be  obtained  in  a  pure  state  only  in  the  first  lixiviation ; 
the  next  washings  constantly  contain  more  sodium  sulphide,  gene- 
rated by  the  reaction  of  the  sodium  carbonate,  formed  at  the  same 
time,  upon  calcium  sulphide  in  the  presence  of  air. 

16.  By  means  of  aluminium  phosphate. — G.  E.  Davis  has  quite 
recently  (Kingzett,  'Alkali-trade,'  1877,  p.  165 ;  Joum.  Soc.  of  Arts, 
1 877,  p.  633)  patented  the  following  process : — ''  Bodondo  phosphate 
(commercial,  consisting  principally  of  aluminium  phosphate)  is  mixed 
with  sand,  sodium  sulphate,  and  small  coal,  all  in  the  state  of  powder, 
and  the  mass  heated  in  an  ordinary  black-ash  furnace,  but  not  up 
to  the  fluxing-point,  which,  indeed,  would  not  be  possible  within  a 
reasonable  time.  When  the  decomposition  is  complete,  the  charge 
is  drawn  into  an  iron  bogie,  and  even  without  cooling  is  ready  for 
lixiviation.  The  best  sand  to  use  for  this  process  is  that  which 
comes  from  the  grinding  and  polishing  of  plate  glass,  which,  being 
a  waste  product,  costs  the  glass-works  a  large  sum  of  money  to 
remove.  During  the  process  sulphurous  acid,  arising  from  the 
decomposition  of  sidphate,  escapes  from  the  furnace  and  may  be 
utilized  for  the  production  of  sulphate  by  Hargreaves's  process,  or 
of  sulphites,  provided  the  heating  takes  place  in  a  close  roaster ;  if 
the  gas  be  not  required,  an  ordinary  furnace  or  revolver  may  be 
employed  "  [this  is  a  very  weak  point  of  the  process  ;  the  escape  of 
all  the  SO,  into  the  air  could  never  be  tolerated;  and  if  close  roasters 
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are  employed^  the  expense  will  be  too  large].  Several  chaises 
worked  on  the  large  scale  in  an  ordinary  hand  black-ash  furnace 
were  compounded  as  follows — aluminium  phosphate  1*5  cwt.^  sul- 
phate 2*75  cwt.^  waste  sand  0*75  cwt.^  small  coal  0*75  cwt.  Each 
charge  was  worked  and  drawn  in  less  than  an  hour^  and  was  so 
thoroughly  decomposed  that  only  traces  of  aluminium  phosphate 
were  found  in  the  insoluble  portion.  The  chief  reaction  is  the 
formation  of  a  double  silicate  of  alumina  and  soda  and  of  trisodium 
phosphate,  and  may  be  represented  as  follows : — 

AlP04+2Na2S044-2C  +  SiOj=NaAlSi04+Na3P04 
+2SO2+2CO. 

This  mass  on  analysis  showed  30*92  per  cent.  SiO^,  11*16  per  cent. 
FeS,  27-46  per  cent.  Al^Os,  28*03  per  cent.  NaOH,  and  2*40 
P0(0H)3.  '^  By  lixiviation  in  the  ordinary  vats  of  alkali-works  a 
solution  of  trisodium  phosphate  is  obtained.  The  insoluble  residue 
is  very  easily  washed,  being  coarse  and  open ;  it  consists  of  the 
aluminio-sodium  silicate,  a  little  iron  sulphide,  sand,  and  cinders 
from  the  coal;  it  has  absolutely  no  smell,  either  at  first  or  in 
whatever  atmosphere  it  may  be  kept''  [this  is  considered  a 
chief  advantage  of  the  process ;  but  it  is  overlooked  that  the  SO, 
escaping  at  the  treatment  in  the  furnace  must  cause  both  smell  and 
other  unpleasant  consequences  in  a  very  striking  manner.  Close 
roasters  do  not  seem  at  present  to  have  been  so  much  as  tried]. 
''The  solution  of  trisodium  phosphate,  coloured  green  by  ferro- 
sodium  sulphide,  may  be  easily  converted  into  the  ordinary  diso- 
dium  phosphate  by  the  addition  of  phosphoric  acid  [where  is  this 
to  come  from  ?] ;  or  caustic  soda  can  be  made  from  it  by  means  of 
lime,  according  to  the  equation 

2  Na3P04+3  CaO  +  3  H20=Ca8(P0^3+6  NaOH. 

The  causticizing  of  a  phosphate  liquor  can  take  place  at  higher 
densities  than  in  the  present  process,  say  at  sp.  gr.  1*12,  thereby 
saving  some  fuel.  The  calcium  phosphate  arising  in  this  process 
only  requires  partially  drying  to  make  it  fit  for  the  market,  and,  as 
an  80-per-cent.  article,  fetches  about  £6  per  ton.  After  causti- 
cizing, the  liquor  is  worked  in  the  ordinary  way  by  evaporating  and 
fishing,  and  the  caustic  soda  carried  to  '  cream'  or  to  fusion.  Or 
else  the  trisodium  phosphate  is,  by  means  of  ground  chalk,  con- 
verted into  carbonate,  thus  : 

2Na8P04+3  CaCOs^CasPgOs+S  Na^CO,. 
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The  aboTe-mentioned  insoluble  residue,  being  quite  innocuous,  may 
be  piled  in  heaps,  the  copperas  formed  by  the  oxidation  of  iron  sul- 
phide dissolved  out,  and  the  iron-free  residue  used  for  alum-making, 
sewage  precipitation,  &c/^  [Of  course  the  ''  soda-alum  cake  *'  to 
be  made  out  of  this  product  could  not  be  sold  at  a  price  leaving 
any  thing  whatever  for  the  totally  useless  soda  contained  in  it, 
amounting  to  one  fourth  of  the  total  soda !] 

17.  By  means  of  calcium  bisulphite, — According  to  Gutzkow's 
American  patent  (No.  198298,  Aug.  29,  4877) ,  sodium  sulphate 
precipitates  calcium  sulphate  from  a  solution  of  calcium  bisul- 
phite. By  distilling  the  solution  of  sodium  bisulphite  half  of  the 
SOs  is  liberated ;  the  residual  sodium  sulphite,  treated  with  caustic 
lime,  yields  caustic  soda  and  again  calcium  sulphite, 

B.  Soda  from  Sulphate  after  cofwerting  it  into  Sulphide, 

1.  By  heating  sulphate  with  coal, — At  a  very  early  period  a  sul- 
phide containing  carbonate  was  thus  obtained,  which  by  lixiviating, 
boiling  down,  fishing  out,  and  again  calcining  was  made  richer  in 
corbonate.  This  process  is  describdd  in  a  notebook  of  Tennanf  s 
works,  dating  from  1800  (Mactear,  p.  18).  According  to  a  paper 
of  Mactear's  in  the  '  Journal  of  the  Chemical  Society,'  1878,  vol.  ii. 
p.  476,  Liebig  proposed  to  the  same  firm,  by  a  letter  dated  July  11, 
1889,  heating  of  sulphide  with  coal  to  800°  C.  as  the  best  of  all 
soda-making  processes ;  he  stated  that  first  oxalate  and  acetate 
were  formed,  and  these  on  heating  passed  over  into  carbonate. 
Berzelius,  Graham,  and  Gay-Lussac  approved  the  process :  the  latter 
made  experiments  on  a  large  scale  at  Chauny ;  others  were  made  at 
St.  Bbllox;  but  in  neither  case  was  success  obtained.  Liebig  is  said 
to  have  ascribed  this  to  the  fact  that  the  decomposition  takes  place  in 
another  way  than  that  which  he  had  imagined  at  first,  viz. 

2NaaS04 +40  =  NajCOa + Na^S, + 200^  +  CO. 

(This  process  will  be  referred  to  again  at  the  end  of  Chapter  VI.) 
On  May  31, 1861,  Laming  obtained  provisional  protection  for  a 
process  of  mixing  sulphate  with  some  carbonaceous  matter,  heating 
the  mixture  in  a  furnace,  and  passing  through  it  a  current  of  steam 
and  of  air.  When  no  more  sulphuretted  hydrogen  is  given  ofi^, 
the  solid  product  is  removed  and  the  alkaline  carbonate  dissolved 
out  and  obtained  in  the  ordinary  way. 

2.  By  means  of  acetic  acid, — Sodium  sulphide,  obtained  by  heat- 

z2 


840  SODA. 

ing  sulphate  with  coal^  according  to  Duhamel  and  Marggraf,  is 
converted  into  acetate  (p.  299)^  and  this  by  drying  and  ignition 
into  carbonate.    This  process  only  possesses  historical  interest. 

3.  By  means  of  calcium  carbonate, — ^This  is  Leblanc^s  process. 

4.  By  means  of  barium  carbonate, — G.  Reinar  (Wagner's  Jahresb. 
1858,  p.  118,  1864,  p.  167)  proposed  employing  this  in  lieu  of 
calcium  carbonate  for  Leblanc^s  process  in  countries  where  native 
barium  carbonate  ''  occurs  in  very  large  quantities,*'  in  the  propor- 
tion of  100  sulphate,  200  BaCOg,  and  75  bituminous  coal.    The 
residue  from  lixiviation,  consisting  of  (hypothetical  I)  barium  oxy- 
sulphide,  hyposulphite,  and  carbonate,  was  to  be  worked  for  baiyta 
salts.     IVom  the  outset,  as  Hofinann    ('Report  by  the  Juries,' 
p.  32)  justly  says,  it  is^  not  apparent  what  is  to  be  gained  by 
replacing  calcium  carbonate  by  a  compound  having  more  than 
thrice  its  atomic  weight,  entailing  the  heating  and  manipulation 
of  a  much  greater  weight  and  bulk  of  material,  merely  to  obtain 
compounds  less  adapted  than  native  barium  carbonate  for  the 
preparation  of  .other  barium  salts.   [The  ratio  of  the  atomic  weights, 
however,  is   strongly   exaggerated  here;   the   atomic  weight  of 
BaCOg  is  not  "  more  than  thrice  ^'  as  much  as  that  of  CaCOj,  but 
as  197  to  100 ;   and  only  this  proportion,  not  that  between  the 
elements  Ba  and  Ca,  can  be  taken  into  account  here.]     Reinar's 
proposal  is  further  vitiated  by  the  same  error  which  has  rendered 
many  other  proposals  in  the  '^  baryta  industry  "  abortive,  viz.  the 
assumption   that   native  barium  carbonate   occurs  anywhere  in 
''very  large  quantities,"  approaching  those  of  limestone.      The 
only  known  larger  deposits  near  Hexham  in  Northumberland  are 
already  exhausted  to  a  great  extent ;  the  price  of  any  thing  like  a 
good  quality,  delivered  at  Newcastle,  is  at  least  ten  times  as  much 
as   that  of  limestone   even  in  less   favourably  situated  places. 
Moreover,  in  this  special  case  Wagner  (his  Jahresb.  1858,  p.  168), 
even  when  employing  twice  the  quantity  of  barium  carbonate,  in 
experiments  on  a  small  scale,  obtained  very  unsatisfactory  results^ 
especially  very  mach  sulphide  in  the  liquors. 

5.  By  means  of  iron  or  ferric  oxide  with  heat. — ^We  have  already 
seen  (p.  298)  that  Malherbe's  soda-making  process  of  1778  is 
founded  upon  this  principle.  This  process  is  also  known  as 
Alban's,  because  Alban  carried  it  out  as  a  manufacture.  He 
fluxed  sodium  sulphate  with  coal  to  form  sulphide,  and  added 
scrap  iron ;  the  mass  of  iron  sulphide  and  caustic  soda,  formed 
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witb  the  assistance  of  tbe  oxygen  in  the  fire-gas,  was  exposed  to 
the  air  till  it  fell  to  powder,  and  then  lixiviated.  In  1828  F.  E. 
Siemens,  at  Pyrmont,  made  soda  on  the  large  scale  by  a  similar 
process ;  but  he  decomposed  the  Na^S  by  a  mixture  of  maganese 
peroxide  and  iron  (Wagner's  *  Regesten/  p.  36) .  This  process 
forms  the  natural  transition  to  that  of  E.  Kopp,  who  changed  the 
original  process  of  Malherbe  only  so  far  as  to  add  ferric  oxide  in 
lieu  of  metallic  iron,  which  had  first  to  be  oxidized  by  the  fire- 
gases.  He  certainly  also  aimed  at  utilizing  the  sulphur  of  the 
sulphate,  of  which  Malherbe  says  nothing.  The  patent,  taken  out 
by  Slythe  and  Kopp  dates  from  October  3, 1855 ;  and  the  process 
was  actually  at  work  for  some  time  at  the  works  of  Messrs.  Blythe 
and  Senson  at  Church  near  Manchester.  It  was  soon,  however, 
given  up  again  as  useless.  Kopp  himself  has  described  it  at  length 
(Ann.  Chim.  Phys.  Sept.  1856,  p.  21) : — ^^  125  kilog.dry  sodium  sul- 
phate are  mixed  with  80  kilog.  ferric  oxide  (for  the  first  operations 
in  the  shape  of  native  iron-ores,  or  smiths^  scales,  or  even  metallic 
iron,  afterwards  as  recovered  ferric  oxide)  and  with  55  kilog.  of 
small  coal.  In  no  case  ought  less  than  5  parts  Fe^Oa  to  be  present 
to  9  parts  of  dry  Na2S04.  The  mixture  is  worked  in  an  ordinary 
black-ash  furnace;  it  exhibits  about  the  same  appearances  as  a 
batch  of  Leblanc  black  ash,  and,  in  a  fiery  molten  state,  is  drawn 
into  an  iron  bogie,  where  it  is  covered  and  cooled,  yielding  a  very 
dense  evenly  crystalline  mass,  of  a  coppery  lustre  on  the  surface. 
It  cannot  be  lixiviated  directly,  because  it  swells  up  very  much 
and  yields  green  badly  settling  liquors  containing  much  caustic 
and  sulphide.  But  lixiviation  is  easy  if  the  balls  are  first  allowed 
to  fall  to  pieces  in  the  air  under  the  influence  of  its  oxygen  and 
carbonic  acid — still  more  so  if  cold  moist  carbonic  acid  (from  a 
coke-oven)  is  admitted  into  a  brick  chamber,  in  which  the  balls 
rest  on  an  iron  grating,  the  powder  falling  through  the  same.  A 
ball  of  250  kilog.  requires  one  cubic  metre  of  space,  8  to  10  days' 
time,  and  about  10  kilog.  coke  for  falling.  Now,  on  lixiviating 
with  water  at  30°  to  40°  C,  a  perfectly  clear  solution  of  carbonate 
is  obtained,  along  with  a  heavy  precipitate  consisting  mostly  of 
iron  sulphide  [and  soda] .  The  liquor,  without  any  boiling-down, 
yields  very  good  soda  crystals,  or  by  evaporating  to  dryness  and 
calcining  can  be  converted  into  ash  containing  from  80  to  95  per 
cent.  Na^COs.  The  FeS  is  drained  and  pressed  into  bricks ;  if  at 
all  dry,  it  takes  fire  even  below  100^  C,  and  bums  like  tinder.    It 
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is  roasted  on  cast-iron  plates,  but  better  in  a  muffle ;  the  SO^  is 
conveyed  into  a  vitriol-chamber,  and  the  sulphuric  acid  made  from  it 
used  for  preparing  sulphate ;  the  residue  of  ferric  oxide  is  employed 
over  again  in  the  first  process.  It  contains  still  one  third  of  all 
the  soda  employed ;  but  this  is  not  lost,  as  it  is  recovered  on  re- 
employing the  ferric  oxide.  Only  the  mixing  proportions  must  be 
altered  in  that  case — say,  to  125  kilog.  sulphate,  140  kilog.  re- 
covered  ferric  oxide,  70  to  75  kilog.  coal.  The  oxides  of  manga- 
nese or  zinc  may  also  be  used,  but  less  advantageously .''  Kopp 
represents  the  reactions  thus  : — 

I.  2Pe,08 + 3NasS04 + 16C  =  Fe4Na«S8  +  14C0 + 200^ ; 

II.      Fe^NaeSa + 20  +  2C0,  =  Fe^Na^Sa + 2NaaC0,, 
On  oxidizing  Fe4Na2S8  in  the  damp  air  and  calcining,  there  are 
formed  (leaving  out  the  intermediate  products)  : — 

III.  Fe^NajSs+UO  =5  2FeA+NaaS04+2SOj,. 

Kopp's  process  was  soon  after  thoroughly  investigated  by  Stro- 
meyer  in  his  laboratory  (Ann.  Chem.  Pharm.  cvii.  p.  333),  and,  on 
the  whole,  received  a  favourable  judgment.     He,  however,  entirely 
disagrees  with  Eopp^s  theoretical  explanations,  especially  touching 
the  part  played  by  oxygen,  the  action  of  which  is  even  injurious, 
especially  by  the  formation  of  hyposulphite,  overlooked  by  Kopp. 
The  liquor  obtained  from  the  melted  mass  contains,  beside  sodium 
sulphide,  hydrate  and  carbonate.     Stromeyer  states  that  the  for- 
mula of  the  double  sulphide  arising  in  the  process  is  Fe^Na^Ss 
[Kopp,  in  Wurtz's  Dictionnaire,  ii.  p.  1578,  adopts  the  same  for- 
mula, and  thus  gives  up  his  own]  ;  with  water  it  forms  a  black 
jelly  possessing  extremely  emulsive  properties.     It  is  decomposed 
by  moisture  and  carbonic  acid ;  and  then  with  water  a  non-emul- 
sive clear  solution  of  almost  pure  sodium  carbonate  is  obtained ; 
the  precipitate,  however,  always  retains  Na^S  in  variable  quantity. 
On  treatment  with  CO^  much  H^S  is  always  given  off;  Kopp's 
second  equation,  therefore,  cannot  be  right,  and  much  sulphur 
must  be  lost.     As  the  result  of  his  many  experiments,  Stromeyer 
proposes  only  employing  1  molecule  of  Fe^Og  (80)  to  3  of  sodium 
sulphate  (213) ;  further,  to  work  in  furnaces  with  cast-iron  bot- 
toms, because  the  fluxing  mass  strongly  acts  upon  fireclay,  and  to 
employ  CO^  as  free  as  possible  from  oxygen. 

Perhaps  in  consequence  of  Stromeyer^s  paper,  and  of  the  exact 
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description  given  by  Kopp  himself^  this  process  excited  much 
attention  and  raised  far  greater  expectations  of  success  than  most 
other  processes  hitherto  known.  It  was  expected  that  in  this  way 
the  sulphur^  which  in  Leblanc's  process  is  lost^  could  be  continu- 
ally reintroduced  into  the  process.  But  already  in  1863  (Report 
by  the  Juries^  p.  31)  Hofmann  points  out  that  Kopp^s  process^ 
"  although  irreproachable  so  far  as  regards  the  conversion  of  sodium 
sulphate  into  carbonate  [certainly  not!],  yet  is  very  defective 
with  respect  to  the  reutilization  of  the  sulphur ;  his  sulphide  of 
iron  contains  too  much  sodium  sulphide  to  yield,  when  burnt,  any 
considerable  quantity  of  SO^,  which,  moreover,  is  accompanied  by 
an  enormous  bulk  of  nitrogen,  corresponding  to  the  oxygen  com- 
bining with  the  iron  and  the  sodium  sulphide.  Its  utilization  in 
Titriol-chambers  would  be  out  of  the  question."  Kopp  [apud 
Wurtz)  reproduces  Hofmann^s  judgment  on  referring  to  his  own 
process  without  any  remark,  and  thus  makes  it  his  own,  adding 
that  since  the  discovery  of  processes  for  recovering  sulphur  from 
tank-waste  the  motive  for  his  process  had  ceased  to  exist. 

According  to  experiments  made  by  Waldeck  (Dingl.  Joum. 
cxcii.  p.  417),  not  only  fireclay,  but  also  cast-iron,  which  Stromeyer 
had  recommended  for  the  furnaces,  is  acted  upon  ''in  a  truly 
frightful  way ; "  nor  could  lining  the  crucibles  with  a  mixture  of 
powdered  coke  and  tar  protect  them.  The  original  percentage  of 
iron  in  the  mixture  is  increased  fourfold  by  that  action.  Even 
this  would  make  Kopp^s  process  practically  impossible;  but  another 
point  must  be  regarded,  which  is  only  incidentally  touched  upon 
by  Waldeck  when  stating  that  the  yield  of  soda  from  the  fluxed 
mass  was  only  9'4  per  cent,  instead  of  36  per  cent.  The  author 
of  this  work,  who  in  1865  made  a  long  series  of  experiments  with 
Kopp's  process  in  a  furnace  specially  built  for  the  purpose,  came 
to  the  conclusion  that  the  process  was  impracticable,  because  not 
merely  does  one  third  of  the  soda  always  remain  in  the  insoluble 
residue,  as  admitted  by  Kopp  himself,  but,  under  the  ordinary 
conditions  of  a  reverberatory  furnace,  the  re-formation  of  sulphate 
in  the  batch  cannot  be  avoided ;  owing  to  this,  the  conversion  of 
the  sulphate  into  carbonate  is  so  incomplete.  Experiments  in 
closed  crucibles  succeeded  better.  In  this  case  95  per  cent,  carbo- 
nate could  be  obtained ;  but  the  yield  was  always  bad.  The  treat- 
ment with  CO,  had  always  to  take  place  as  much  as  possible  in 
the  absence  of  air ;  otherwise  very  much  hyposidphite  isf  as  formed. 
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In  spite  of  its  notorious  failure^  Kopp^s  process  was  for  a  long 
time  (and  in  some  treatises  published  only  quite  recently  it  is  still) 
stated  to  be  a  most  hopeful  one^  which  might  possibly  dri^e 
Leblanc^s  out  of  the  field — and  thi»^  although  the  only  important 
advantage  claimed  for  it  over  that  of  Leblanc^  viz.  the  recovery 
of  the  sulphur^  was  already  denied  by  Hofmann  and  given  up  by 
Kopp  himself.  Looking  at  the  extremely  bad  yield  and  the  de- 
structive corrosion  both  of  fireclay  and  iron  by  the  fluxing  mixture^ 
no  future  can  be  predicted  for  Kopp^s  process. 

A  modification  of  the  ferric-oxide  process^  returning  to  some 
extent  in  the  direction  of  Malherbe's,  was  patented  by  Bowron 
and  Robinson  on  December  3^  1863.  '^  First  sodium  sulphide  is 
to  be  made^  and  then  ferric  oxide  introduced.^^  The  principal 
intention  was  that  of  making  the  more  valuable  caustic  soda.  The 
author^  who  had  to  conduct  the  trials  for  carrying  out  this  process 
on  a  manufacturing  scale^  convinced  himself  of  its  uselessness. 
Whatever  conditions  of  work  might  be  observed,  there  always 
remained  a  large  quantity  of  sodium  sulphide  undecomposed. 
This  could  be  removed  by  boiling  with  MnO^ ;  but  it  only  changed 
into  hyposulphite,  which  cannot  be  separated  from  caustic  soda  by 
crystallization.  The  removal  of  the  hyposulphite  by  barium  chlo- 
ride (Robinson^s  patent  of  October  31, 1865)  proved  quite  imprac- 
ticable. Besides,  a  great  deal  of  sodium  sulphate  and  carbonate, 
and  in  the  residue  much  undecomposed  sulphide,  were  present ; 
the  latter,  as  in  Kopp^s  process,  was  to  be  turned  to  use  by  burn- 
ing and  employing  the  residue  again;  but  this  failed,  from  the 
same  causes. 

Macfarlane  (Wagner's  Jahresb.  1864,  p.  171)  ignites  dried  cop- 
peras with  salt  in  a  current  of  air ;  chlorine  escapes,  and  a  mixture 
of  sodium  sulphate  and  ferric  oxide  remains,  which  is  mixed  with 
coal  and  worked  up  as  in  Kopp's  process ;  the  hearth  employed  is 
of  quicklime  mixed  with  slightly  basic  slags  and  impregnated  with 
sodium  sulphide  by  melting  a  mixture  of  sulphate  and  coal  upon 
it.  The  batch  is  treated  as  in  Kopp's  process;  the  remaining 
sulphide  of  iron  is  oxidized  to  copperas .  in  moist  air  [which,  it  is 
well  known,  only  takes  place  very  incompletely]  ;  and  this  is  em- 
ployed again  for  calcining  with  salt.  Hargreaves  and  Robinson 
(patents  of  October  10  and  15,  1872)  add  to  Leblanc^s  mixture 
ferric  oxide,  flux  it  in  crucibles  with  holes  in  the  bottom,  lixiviate 
the  mass,  oxidize  by  exposure  to  the  air  the  iron  sulphide  formed, 
and  extract  the  product  by  hydrochloric  acid.     On  March  3, 1873, 
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they  patented  mixing  sulphate  and  coal  with  a  salt  of  iron^  manga- 
nese^ or  zinc^  heating  up  to  the  formation  of  a  coherent^  porous^ 
not  fluxed  lump^  dissolving  out  the  soda^  burning  the  sulphides 
into  oxides^  and  using  them  as  above. 

6.  By  means  of  carbonic  acid, — Gren  had  made  the  observation 
that  an  aqueous  solution  of  sodium  sulphide  is  converted  into 
carbonate  by  carbonic  acid  gas^  with  evolution  of  sulphuretted 
hydrogen  if  the  introduction  of  CO^  is  continued  up  to  the  forma- 
tion of  sodium  bicarbonate.  Attwood^  on  June  22^  1819^  obtained 
an  English  patent  for  this  process.  Pelletan  in  1829  made  soda  in 
a  works  at  Paris  by  this  process ;  and  Dumas  explains  it  in  detail 
in  his  treatise  on  applied  chemistry^  1829.  Oossage  proved  (in 
1838)  that  CO,  decomposes  its  equivalent  of  Na^S  ;  and  in  1861 
he  reverts  to  this  in  his  '  History  of  the  Soda  Manufacture/ 
p.  22^  stating  that  in  future  the  H^S  would  be  absorbed  by  ferric 
oxide,  and  the  product  employed  for  making  sulphuric  acid.  The 
working  out  of  this  idea  (which  he  had  failed  to  accomplish  him- 
self iu  the  intervening  twenty-three  years  1)  he  wished  to  leave  to 
younger  men.  Endeavours  in  this  direction  have  certainly  not 
been  wanting.-  Wagner  quotes  (Begesten,  p.  37)  patents  taken 
out  by  Beringer  (1847),  Newton  (1853),  Hunt  (1861),  Reissig 
(1865).  He  thought  that  with  the  introduction  of  ferric  oxide  as 
an  absorbent  for  sulphuretted  hydrogen  this  gas  had  ceased  to  be  a 
source  of  inconvenience  to  the  works  and  in  their  vicinity.  How 
unfounded  this  opinion  is  we  shall  see  in  the  Chapter  on  the  utili« 
zation  of  tank- waste.  Apart  from  the  methods  to  be  mentioned 
there  for  utilizing  sulphuretted  hydrogen  (burning  into  SOg  or 
S,  mixing  with  SOg,  absorption  by  Feg(0H)6),  some  proposals  in 
this  respect  have  been  made  with  a  special  view  to  soda-making. 
One  of  these,  contained  in  Gibb  and  Gelstharpe^s  patent  for  utilizing 
the  copper  in  pyrites-cinders  (comp.  Vol.  I.  p.  613),  has  been  so  far 
successful  that  in  fact  Na^S  was  decomposed  by  C0<2,  and  the 
HjS  was  completely  utilized  for  precipitating  copper-liquors ;  but, 
in  the  first  place,  this  process  was  from  the  outset  restricted  to  the 
comparatively  rare  connexion  with  wet  copper-extraction;  and, 
secondly,  it  has  had  to  be  given  up  for  this  as  well. 

A  great  deal  was  expected  in  Lancashire  of  Hunt's  patent  (May 
5,  1860).  He  asserted  that  he  had  found  the  decomposition  of 
sodium  sulphide  to  take  place  better  than  in  solution,  if  the  Na^S 
was  put,  in  pieces,  on  the  perforated  false  bottoms  of  vessels, 
through  which  steam  and  CO2  (generated  by  igniting  chalk  in 
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retorts)  was  conducted.  By  combining  several  vessels,  the  COg 
was  to  be  completely  spent  and  strong  H^S  obtained,  which  was  to 
be  mixed  with  air,  ignited,  and  employed  for  vitriol-making. 
This  process  was  tried,  among  others,  in  the  works  of  Mr.  Shanks 
at  St.  Helens.  The  CO^  was  there  made  from  limestone  and 
hydrochloric  acid ;  and  the  H^S  was  not  dealt  with  at  all,  which 
sufficiently  proves  the  experimental  character  of  those  trials.  The 
peculiarity  of  Hunt^s  process,  the  treatment  of  sodium  sulphide  in 
lumps  with  CO2,  is  not  essential ;  that  even  a  solution  of  Na^S  is 
completely  and  comparatively  easily  decomposed  by  CO^  the 
author  has  himself  seen  at  the  works  managed  by  Mr.  Oibb ;  and 
the  drawback  observed  there,  that  any  oxygen  remaining  along 
with  the  CO3  caused  the  formation  of  hyposulphite  and  consequently 
a  loss  of  available  soda,  must  equally  have  occurred  in  Hunt's 
process. 

More  modem  patents  upon  this  process,  containing  nothing 
essentially  new,  have  been  taken  out  by  Verstraet  and  Oliver 
(Aug.  13th,  1862 ;  to  the  solution  of  Na2S  milk  of  lime  is  to  be 
added  in  order  to  lessen  the  tendency  to  the  formation  of  hypo- 
sulphites), Glaus  (Sept.  7th,  1869;  he  employs  blast-furnace  gases^ 
along  with  the  CO,  produced  in  reducing  the  Na^SOJ,  Young 
(Oct.  10th,  1872 ;  he  employs  a  boiling  solution  of  Na^S),  Fletcher 
(May  16th,  1873 ;  he  proposes  employing  the  SO^,  generated  by 
burning  the  H2S,  for  Hargreaves's  sulphate  process),  and  Prache 
(1873 ;  he,  like  many  before  him,  conducts  the  H^S  into  water  in 
which  hydrated  ferric  oxide  is  suspended,  which  is  afterwards  rege- 
nerated by  exposure  to  the  air;  or  the  CO,  can  be  directly 
passed  into  a  mixture  of  sodium  sulphide  and  hydrated  ferric  oxide) . 
Wallace  and  Glaus  (July  25th,  1877)  decompose  alkaline  sulphides 
by  the  gases  escaping  on  saturating  with  acids  the  ammonia-liquor 
of  gas-works  {i.  e.  a  mixture  of  GOs  and  H^S) .  Thus  pure  H^S  is 
formed,  which  is  burnt  into  SO,  or  used  for  precipitating  As,  Gu^ 
Ag,  or  Pb.  Some  other  modifications  are  also  described,  but  all 
of  them  founded  upon  the  employment  of  gas-liquor ;  so  that  this, 
not  the  alkaline  carbonates,  is  the  principal  consideration. 

H.  B.  Gondy  (April  19th,  1877)  employs  crystallized  sodium 
sulphide  with  67  per  cent,  water,  which  is  treated  with  GO^  in  a 
closed  space  on  a  perforated  bottom;  by  the  liquefaction  of  the 
water  of  crystallization  a  solution  of  sodium  carbonate  and  bicar- 
bonate is  formed;  the  HsS  is  absorbed  or  burnt  according  to  any 
one  of  the  known  plans. 
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As  a  special  prescription  for  preparing  sodium  sulphide,  Arrott 
(patent  Jane  Srd,  1859)  proposes  melting  4  parts  of  sodium  sulphate 
with  1  part  of  coal  in  a  cupola^  which  of  course  is  heated  by  special 
fuel.  Laming  (like  many  others)  ignites  2  parts  of  sulphate  with 
1  part  of  coal  in  a  closed  vessel.  Oossage  (patent  of  Nov.  18th, 
1859)  employs  the  same  proportions,  but  in  a  close  roaster,  in  order 
to  exclude  reoxidation.  Fifty  parts  by  weight  of  slack  per  cent,  of 
sulphate,  or  83  per  cent,  of  powdered  coke,  is  to  be  taken,  the  mass 
to  be  constantly  stirred,  but  the  heat  not  increased  up  to  the  fluxing 
of  the  mass  ;  the  CO2  arising  in  the  process  is  to  be  sucked  away 
by  a  fan-blast  or  similar  apparatus,  and  employed  for  decomposing 
the  sodium  sulphide.  The  batch  must  be  drawn  as  quickly  as  pos- 
sible, and  protected  from  the  air.  Wilson  (patent  of  June  3rd,  1859) 
fluxes  a  mixture  of  4  cwt.  sulphate,  \  cwt.  of  barium  sulphate,  and 
2^  cwt.  small  coal  or  2  cwt.  coke  powder  in  an  ordinary  reverbe- 
ratory  furnace,  or,  still  better,  in  a  revolving  cylinder  furnace,  in 
which  less  heavy  spar  need  be  used,  as  the  air  has  less  access,  than 
in  a  furnace  worked  by  hand.  (Also  Jean,  Monit.  Scient.  1869, 
p.  1007,  proposes  making  Na^S  by  the  help  of  heavy  spar,  but 
employs  a  very  great  deal  of  it,  viz.  25  kilog.  sodium  sulphate,  75 
kilog.  barium  sulphate,  10  kilog.  charcoal  dust,  and  15  kilog.  coal 
dust ;  the  operation  takes  place  in  an  ordinary  black-ash  furnace 
which  is  said  not  to  be  corroded  by  this  mixture.)  Wilson  further 
describes  an  apparatus  for  running  melted  sulphate  through  a 
column  of  coals  or  coke  at  a  cherry-red  heat,  in  order  to  convert 
it  into  sulphide.  A  laterally  attached  deep  furnace  supplies  the 
necessary  heat  as  a  gas-generator ;  the  sulphate  is  charged  onto 
the  top  of  the  coke-column,  on  a  perforated  arch,  and  there  fuses 
of  its  own  accord;  the  gases  afterwards  travel  through  a  tower 
filled  with  continually  moistened  pebbles  in  order  to  cool  the  CO3 
and  return  any  sodium  salts  carri^  away ;  at  the  end  of  the  appa- 
ratus a  fan-blast  causes  the  movement  of  the  gases  and  the  air 
throughout  the  whole  apparatus.  The  CO  formed  at  the  same 
time  is  burnt  in  the  upper  portion  of  the  tower  by  air  admitted 
for  this  purpose.  The  CO9  is  then  employed  for  making  carbonate 
from  the  sulphide,  or  else  for  turning  carbonate  into  bicarbonate^ 
vrhich  is  itself  employed  for  converting  sulphide  into  carbonate. 

It  is  very  probable  that  such  an  apparatus  would  be  destroyed 
after  a  short  lapse  of  time.  A  similar  process  was  patented  by 
Clans  (Sept.  7,  1869),  who  attempted  to  preserve  the  cupola  in 
which  the  reduction  of  the  fused  sulphate  takes  place  by  means  of 
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a  water-jacket.  The  sulphide  is  partly  tapped  off  at  the  bottom  in 
a  fluid  state ;  but  a  great  part  is  volatilized  and  is  passed  along 
with  the  products  of  combustion  into  a  scrubber,  through  which  a 
solution  of  sodium  sulphide  is  run  down ;  in  this  the  volatilized 
portion  is  condensed  and  at  the  same  time  converted  into  carbonate 
hj  the  carbonic  acid  formed  in  the  reducing  process.  Another 
proposal  by  Claus  refers  to  the  manufacture  of  sodium  or  potassium 
sulphide  by  means  of  gaseous  fuel,  carefully  kept  free  from  uncom- 
bined  oxygen^  so  that  but  very  little  hyposulphite  can  be  formed. 
A  third  proposal  is  this — ^to  make  barium  sulphide  from  barium 
sulphate,  dissolve  it  in  water,  and  decompose  a  solution  of  sodium 
sulphate  by  the  same,  when  sodium  sulphide  will  be  formed  and 
barium  sulphate  be  recovered.  This  process  (which  is  far  too  ex- 
pensive to  be  of  practical  importance)  was  once  more  proposed,  as 
new,  by  Vincent  (Compt.  Bend.  Ixxxiv.  p.  701).  Willans  (patent 
of  Feb.  4th,' 1860)  proposes  making  Na^S  from  sulphate  without 
mixing  it  with  coal,  merely  by  the  action  of  CO  and  steam  in  a 
red-hot  furnace. 

The  process  with  sodium  sulphide  and  carbonic  acid  has  been 
most  thoroughly  worked  out  by  the  celebrated  inventor  of  the 
manganese-recovery  process,  Walter  Weldon,  who  spent  years  upon 
it  and  believed  he  had  attained  his  object,  when,  on  Aug.  28th,  1876, 
and  Feb.  2nd,  1877,  he  took  out  a  series  of  patents  in  reference  to 
it.  His  process  commences  with  a  very  original  way  of  making 
the  sodium  sulphide.  Sulphate,  made  in  any  suitable  way,  is  fused 
in  a  Siemens^s  regenerative  furnace ;  and  the  combustion-gases  of 
this  furnace  are  at  the  same  time  employed  in  a  second  furnace,  in 
which  the  sulphide  is  made.  The  first  furnace  is  placed  at  such  a 
height  that  the  fused  sulphate  can  run  into  the  manhole  of  the 
second  furnace.  This  second  furnace,  in  which  the  sulphate  is 
reduced  to  sulphide,  is  the  principal  thing.  It  is  a  revolving 
cylinder  furnace  such  as  are  now  generally  used  for  the  ordinary 
black-ash  process.  [When  trying  the  process  on  the  large  scale 
no  revolving  furnace  was  employed,  owing  to  the  great  cost,  but  a 
hand-furnace ;  in  case  of  success  revolvers  would  have  been  used. 
In  his  last  patent  Weldon  reverts  to  the  use  of  a  hand-furnace  ex- 
clusively.] As  all  brick-work  and  iron  is  extremely  strongly  cor- 
roded by  melting  sodium  sulphide,  the  furnace  had  to  be  lined  with 
a  more  refractory  material.  As  such,  bricks  made  of  powdered 
coke  with  a  little  tar,  moulded  with  a  very  strong  pressure,  and 
heated  to  a  red  heat  in  a  close  furnace  are  used ;  they  are  set  in  a 
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mixture  of  the  same  materials.     This  lining  has  turned  out  entirely 
successful  in  practice^  so  long  as  the  fire-gases  were  free  from  oxy- 
gen.    That  end  of  the  furnace  through  which  the  fire-gases  enter 
can  be  closed  air-tight.     For  this  purpose  the  "  eye/^  always  hung 
in  cylinder  furnaces  between  the  fireplace  and  the  cylinder  [comp. 
Chap,  v.],  is  so  arranged  that  it  can  be  moved  aside  instanter  and 
a  solid  disk  of  the  coke  mixture  can  be  put  in  its  place ;  the  latter 
IS  surrounded  by  an  iron  ring  carrying  a  broad  flange^  which  is 
firmly  connected  by  bolts  with  the  central  opening  of  the  cylinder ; 
thus  the  disk  revolves  with  the  cylinder^  and  forms  an  air-tight 
closing.     The  outlet-hole,  at  the  other  end  of  the  cylinder,  is  con- 
tinued into  a  fire-flue,  which  is  divided  into  two  parts,  so  that  by 
fiuitable  dampers  the  gases  can  either  be  taken  to  the  chimney  or 
the  carbonic  acid  gas  can  be  kept  for  special  use  in  suitable  appa- 
ratus or  employed  directly.     Also  the  furnace  from  which  the 
cylinder  furnace  is  supplied  with  fire-gases,  be  it  the   sulphate- 
melting  fdrnace  or  a  special  gas-producer,  is  so  arranged  that  the 
products  of  combustion  can  either  be  conveyed  into  the  cylinder 
furnace  or  elsewhere.     Now,  in  the  converter,  small  coke  or  char- 
coal [according  to  the  patent  of  Feb.  2nd,  1877,  exactly  as  much 
as  suffices  for  forming  carbonic  acid  with  the  oxygen  of  the  sul- 
phate, viz.  16'9  per  cent,  of  the  weight  of  the  sulphate,  of  course 
adding  the  impurities ;  it  is  then  best  to  work  in  a  blind  roaster 
and  to  aspirate  the  carbonic  acid  gas  by  means  of  a  fan -blast]  is 
brought  to  a  red  heat,  by  admitting  fire-gases  at  one  end  and 
allowing  them  to  escape  at  the  other  end;  then  the  fire-gas  is 
cut  off,  the  entrance-opening  closed  in  the  above-described  manner, 
and  the  exit-opening  connected  with  the  apparatus  for  keeping 
or  employing  the  carbonic  acid ;  from  the  furnace,  placed  higher 
up,  fused  sulphate  is  run  onto  the  red-hot  coke  or  charcoal ;  and 
the  two  are  mixed  by  quick  revolutions  of  the  cylinder.     The  re- 
action between  sulphate  and  coal  thus  goes  on  in  a  vessel  which 
during  this  period  has  only  one  opening,  that  for  removing  the 
carbonic  acid.     Weldon  has  also  constructed  another,  simpler,  not 
revolving  fiimace  for  the  same  object.     If  the  sulphate  and  the 
coke  have  each  been  sufficiently  heated,  the  reaction  between  them 
will  be  finished  without  applying  any  ulterior   source  of  heat* 
otherwise  fire-gas  must  be  again  admitted,  and  in  the  meantime 
the  other  end  must  be  connected  with  the  chimney.     Of  course  if 
the  carbonic  acid  is  not  to  be  utilized,  the  exit-gases  may  always 
be  allowed  to  go  into  the  chimney. 
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The  sodium  sulphide  may  now  be  mixed  with  silica  or  alumina 
in  the  state  of  powder  and  decomposed  by  superheated  steam  in 
the  cylinder  furnace  itself  or  in  another  furnace^  during  which  time 
the  other  end  of  the  furnace  must  be  connected  with  the  apparatus 
for  burning  or  absorbing  the  sulphuretted  hydrogen^  after  cooling 
and  condensing  the  water ;  sodium  silicate  or  aluminate  remains 
behind.     (This  part  does  not  seem  to  have  been  seriously  carried 
out  on  the  large  scale.)     Or  else  the  sodium  sulphide  is  treated 
with  carbonic  acid  in  the  following  way.     The  sulphide  is  run  into 
air-tight  iron  boxes  lined  with  coal^  and  after  sufficient  cooling 
lixiviated  with  exclusion  of  air.     The  liquor  is  made  so  strong  as 
to  contain  at  least  12  per  cent.  Na^S ;  but  it  is  better  to  make  it 
quite  saturated^  so  as  to  contain  17  to  20  per  cent.  Na^S.    The 
solution  is  then  treated  with  carbonic  acid  in  a  methodical  way,  in 
a  set  of  six  closed  vessels.     The  liquor  only  half  fills  these  vessels  ; 
and  by  a  mechanical  agitator  their  upper  halves  are  constantly  filled 
with  a  spray;  there  are  aho  several  partitions  reaching  down  from 
the  cover  nearly  to  the  level  of  the  liquid,  so  as  to  force  the  gases 
to  travel  in  a  circuitous  route.     By  means  of  a  suitable  system  of 
cocks  and  pipes,  gas  can  be  admitted  into  the  upper  part  of  each 
vessel,  and  conveyed  through  all  the  other  vessels  in  succession. 
In  this  way  the  complete  decomposition  of  the  sodium-sulphide 
liquor  in  the  first  vessel  can  be  attained,  and  «t  the  same  time  the 
gas  issuing  from  the  sixth  vessel  consists  of  practically  pure  sulphu- 
retted hydrogen.     When  the  liquor  of  the  first  vessel  is  sufficiently 
decomposed,  it  is  run  off,  fresh  liquor  is  run  in,  and  the  second 
vessel  is  now  made  the  first,  the  sixth  fifth,  the  first  sixth  with 
respect  to  the  current  of  gas,  and  so  forth.     Instead  of  this  the 
gas  may  also  be  passed  through  the  vessels  always  in  the  same 
succession ;  but  then  the  liquors,  after  completing  the  decomposi- 
tion, are  run  &om  one  vessel  into  the  other  in  the  opposite  direc- 
tion.    This,  however,  can  only  be  done  if  the  decomposition  is  not 
carried  so  far  as  to  precipitate  bicarbonate  in  a  solid  form.    Usually 
the  operation  is  so  conducted  as  to  obtain  as  large  a  separation  of 
crystals  as  possible,  and,  for  this  reason,  at  the  ordinary  or  only  a 
slightly  raised  temperature,  both  of  the  liquor  and  of  the  carbonic 
acid.     In  this  way  up  to  80  per  cent,  of  the  soda  can  be  obtained 
as  a  precipitate  of  bicarbonate ;  the  impurities  consequently  remain 
in  the  mother  liquor,  which  is  washed  off  with  a  cold  saturated 
solution  of  bicarbonate,  whereupon  the  residue  is  brought  into 
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saleable  form  either  as  bicarbonate  or  as  alkali.  The  mother 
liqaor  is  again  employed  for  dissolving  sodium  solphide,  till  it  has 
become  too  much  charged  with  imparities.  It  is  much  better  not 
to  carry  on  the  operation  till  all  the  sodium  sulphide  is  decomposed, 
because  this  can  only  be  done  by  a  large  excess  of  carbonic  acid; 
the  mother  liquor  containing  sodium  sulphide  can  be  easily  employed 
for  dissolving  a  iresh  batch.  The  treatment  is  accordingly  only 
continued  till  at  least  50  or  at  most  80  per  cent,  of  the  sodium 
sulphide  has  been  decomposed.  If  the  treatment  does  not  take 
place  in  the  cold,  but  at  a  higher  temperature,  instead  of  bicarbonate 
sesquicarbonate  is  obtained,  which  on  the  cooling  of  the  liquid 
crystallizes  out.  If  the  sulphide  contains  polysolphides,  it  is 
necessary  to  work  with  dilute  liquors,  so  that  the  sulphur  can 
settle  down. 

The  construction  of  the  absorbing  vessels  is  more  clearly  shown 
by  the  section,  fig.  162 :  a  d  are  entrance-pipes  for  the  gabies, 

Kg.  162. 


reaching  down  nearly  to  the  surface  of  the  liquid  and  nicked  out  at 
the  bottom;  b,  exit-pipe;  c,  a  shaft  revolving  in  glands  above  the 
liquid,  driven  by  the  pulley  d,  and  carrying  the  agitating  blades  ee; 
f,  connecting  pipe  for  the  liquid ;  g,  running-off  cock  for  the  same. 
The  vessels  may  be  made  of  iron,  covered  with  hard  pitch,  or  of 
liardwood,  if  the  lodium-snlpbide  liquor  is  to  be  treated  cold,  but 
of  iron  covered  with  lead  or  stone  flags  if  at  a  higher  temperature. 
Similarly  the  agitating  shaft  is  protected  from  the  eflect  of  the 
sulphide  by  a  coating  of  pitch  or  iron.  The  agitating  paddles  best 
consist  of  bard  wood. 

It  remains  to  deal  with  the  sulphuretted  hydrogen  gas  which  is 
^ven  off  on  the  treatment  of  the  Na^S  in  the  furnace  itself  with 
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superheated  steam,  or  on  that  of  its  solution  with  CO^.  For  this 
the  process  patented  by  Weldon  on  July  31st,  1871,  is  to  be  em- 
ployed. It  consists  in  bringing  the  gas  into  contact  with  a  metallic 
oxide  suspended  in  water,  hydrated  ferric  oxide  being  the  best 
(compare  also  Lungers  patent  of  April  20th,  1866) ,  This  treatment 
is  to  take  place  in  an  apparatus  quite  similar  to  that  serving  for  the 
introduction  of  CO^ ;  so  that  the  gas  is  introduced  on  the  top  of 
the  first  of  six  vessels  in  which  the  metallic  oxide  suspended  in 
water  is  constantly  splashed  about  by  a  paddle-wheel,  and  escapes 
out  of  the  sixth  vessel  completely  deprived  of  its  H^S.  When  the 
metallic  oxide  in  the  first  vessel  is  entirely  converted  into  a  sulphide 
or  a  mixture  of  a  sulphide  with  sulphur,  the  contents  of  the  vessel 
are  drawn  off,  those  of  the  second  vessel  are  run  into  the  first,  those 
of  the  third  into  the  second,  and  so  forth ;  the  sixth  vessel,  which 
gets  emptied,  is  charged  with  a  fresh  mixture  of  oxide  and  water. 
The  mixture  run  off  from  the  first  vessel  and  saturated  with  H^S 
is  treated  with  a  strong  current  of  air  in  an  oxidizing-tower  similar 
to  those  used  in  Weldon^s  manganese-recovery  process ;  this  con- 
verts it  into  a  mixture  of  hydrated  ferric  oxide  and  sulphur,  sus- 
pended in  water,  which  can  be  employed  directly  in  the  absorbing- 
vessels  ;  but  when  it  has  become  very  rich  in  sulphur,  it  must  be 
kept  separate,  and  either  by  dissolving  the  iron  in  HCl  the  sulphur 
obtained  as  such,  or  the  whole  must  be  dried  and  the  sulphur  burnt. 

These  processes  were  carried  out  on  a  pretty  large  scale  by  a 
company  founded  for  this  purpose,  but,  in  spite  of  all  exertions, 
have  now  been  given  up  as  impracticable.  The  reason  stated  for 
this  is  that  pure  sodium  sulphide,  entirely  free  from  polysulphides, 
hyposulphites,  and  caustic,  such  as  was  recovered  in  Weldon's 
furnace,  turned  out  entirely  infusible  and  could  not  be  got  out  of 
the  furnace ;  if,  on  the  other  hand,  some  air  was  admitted  in  order 
to  form  a  little  of  those  compounds  and  thus  to  make  the  mass  fusible, 
the  carbon  lining  of  the  furnace  was  quickly  burnt  and  repairs  were 
incessantly  required.  Whether  these  difficulties  can  be  overcome 
by  new  modifications  the  future  will  show.  Wallace  and  Glaus, 
on  July  25, 1877,  patented  ''  bauxite  ^^  (see  p.  333)  as  a  lining  for 
furnaces  in  which  alkaline  sulphates  are  reduced. 

7.  By  means  of  sodium  bicarbonate, — ^Wilson  on  Feb.  25th,  1840, 
patented  the  decomposition  of  sodium  sulphide  and  bicarbonate  into 
monocarbonate  and  sulphuretted  hydrogen,  thus : 

Na«S + 2NaHC08 = 2  Na^CO,  +  HgS. 
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A  solution  of  48  parts  sodium  sulphide  is  to  be  boiled  with  85  parts 
dry  sodium  bicarbonate^  the  H^S  collected  in  a  gas-holder  and  burnt 
in  order  to  be  converted  into  sulphuric  acid  in  yitrioUchambers. 
Although  the  bicarbonate  has  to  be  made  from  finished  carbonate^ 
the  process  is  not  quite  so  irrational  as  it  appears  at  the  first  glance ; 
for  the  bicarbonate  can  be  made  with  impure  CO,  (containing  air) , 
and  the  H^S  is  still  obtained  quite  pure  and  free  from  other  gases. 
On  the  contrary,  some  prospect  would  be  opened  in  the  future  for 
this  process,  if  a  simple  plan  for  advantageously  disposing  of  sul* 
phuretted  hydrogen  should  be  discovered.  On  Feb.  5th,  1853, 
Werckshagen  patented  the  same  process;  he  proposes  to  make 
sulphur  from  the  H^S  by  bringing  it  into  contact  with  SO,  and 
steam.  Bohringer  and  Clemm  on  April  19th,  1853,  again  patented 
the  same  thing,  also  with  the  proposal  to  decompose  H^S  by  SO2. 
Otto  certainly  could  not  find  an  easy  method  for  completely  de- 
composing sodium  sulphide  by  bicarbonate  (Lehrbuch  der  Chemie, 
4th  ed.  ii.  2,  p.  341).  Both  Wilson  and  Gossage  include  this 
process  in  their  patents  of  1858  (see  above). 

8.  By  means  of  alumina. — Wagner  (in  his  Jahresbericht,  1865, 
p.  332)  proposes  to  employ,  instead  of  carbon  dioxide,  the 
much  more  active  alumina  (from  bauxite  or  cryolite)  for  expel- 
ling the  sulphur  from  Na^S,  by  boiling  it  with  a  solution  of  the 
latter.  The  HaS  is  to  be  absorbed  by  Laming's  mixture  or  ferric 
chloride,  and  the  sodium  aluminate  converted  by  CO^  into  car- 
bonate and  aluminium  hydrate.  This  method  seems  never  to 
have  been  tried  anywhere.  If  the  alumina  really  acted  simply 
and  easily,  it  would  also  furnish  pure  H^S ;  but  it  does  not  look 
very  promising. 

A  modification  of  this  process  was  patented  by  Siermann  (German 
patent.  No.  3280,  Jan.  1878) .  Sodium  sulphate  and  alumina  are 
ground  up  together,  leaving  a  slight  excess  of  the  former,  and  heated 
in  an  iron  mufi91e  completely  surrounded  by  fire,  allowing  the  air 
to  enter  as  soon  as  the  mass  has  attained  a  bright-red  heat.  Sul- 
phur dioxide  is  given  off  and  collected  in  a  chamber  common  to 
several  mufi9es,  which  are  charged  alternately  so  as  to  produce  a  uni- 
form current  of  SOa,  which  is  conveyed  into  vitriol-chambers.  The 
residue  in  the  muffle,  consisting  of  sodium  aluminate,  is  drawn  out, 
lixiviated  with  water,  and  carbon  dioxide  passed  through  the  solution 
till  it  has  been  decomposed  into  a  precipitate  of  aluminium  hydrate 
and  a  solution  of  sodium  carbonate.  The  former  is  used  over  again 
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in  the  first  part  of  the  process.  The  carbon  dioxide  is  best  sup- 
plied by  the  fire-gases  from  the  muffle-fire^  which  is  for  this  purpose 
fed  with  coke. — ^This  process  is  any  thing  but  a  cheap  one :  the 
sodium  sulphide  will  play  great  havoc  with  the  iron  muffles ;  and 
the  gas  evolved  will  hardly  be  converted  into  sulphuric  add  with 
any  pecuniary  profit. 

9.  By  means  of  ammonium  carbonate. — Laming  (patent  dated 
Nov.  17th^  1859)  proposed  a  number  of  different  ways  for  making 
sodium  carbonate  from  sulphide  by  means  of  ammoniacal  gas-liquor. 
The  principal  being  in  all  the  same^  it  will  suffice  to  describe  one 
orthese  plans.  Sodium  sulphide  is  moistened  with  strong  ammo- 
niacal liquor  (i.  e.  mostly  ammonium  carbonate  and  sulphhydrate), 
and  heated  to  dryness  in  a  retort  at  a  temperature  of  150°  C. ;  am- 
monium sulphhydirate  volatilizes;  and  from  the  residue  in  the 
retort  sodium  carbonate  is  extracted  by  lixiviation.  The  ammonium 
sulphhydrate  is  conducted  through  a  porous  mass  containing  hy- 
drated  iron  oxide ;  here  it  leaves  its  HsS ;  and  pure  NHs  escapes^ 
which  by  treatment  with  carbonic  acid  gas  is  reconverted  into  am- 
monium carbonate. 

10.  By  means  of  magnesia. — Clemm  (French  patent^  Oct.  6th^ 
1853)  proposes  mixing  a  concentrated  solution  of  sodium  sulphide 
with  neutral  magnesium  carbonate  and  heating  to  300^  C.  Or  1 
equivalent  of  common  salt  is  decomposed  by  2  equivalents  of  kie- 
serite  (anhydrous  magnesium  sulphate) ;  by  this  a  double  sodium- 
magnesium  sulphate  is  formed^  mixed  with  MgCl^ ;  this  is  evapo- 
rated to  dryness^  ignited  till  the  latter  has  been  decomposed  into 
MgO  and  HCl,  25  to  30  per  cent,  coal  added  to  the  residual  mixture 
of  the  double  salt  and  magnesia^  and  the  mass  heated  on  a  hearth 
made  of  magnesite.  Hereby  SO,  escapes  and  is  worked  for  vitriol. 
The  porous  mass  is  allowed  to  cool  in  closed  vessels ;  it  contains 
sodium  sulphide^  magnesia,  soda^  and  an  excess  of  coal.  It  is  treated 
with  COs^  in  order  to  expel  the  H^S,  and  at  last  heated  to  300^  C. 
in  order  to  drive  off  all  the  sulphur. 

11.  By  means  of  copper,  zinc,  or  lead  oxide. — Already  on  Nov. 
22nd^  1804^  Clayfield  obtained  a  patent  for  treating  sodium  sulphide 
with  lead  or  zinc,  or  their  oxides,  for  the  purpose  of  alkali-making. 
Priickner  in  1829  gained  a  prize  offered  by  the  St.-Petersburg 
Academy  of  Sciences  by  the  following  process  : — Sodium  chloride 
with  ammonium  sulphate  are  decomposed  into  sodium  sulphate  and 
ammonium  chloride.    By  ignition  with  coal  the  sulphate  is  reduced 
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to  sulphide ;  and  its  solution  is  boiled  with  coppersmiths'  scales 
(CugO)  till  all  the  sulphur  has  been  precipitated  as  copper  sulphide 
and  only  caustic  soda  remains.  The  former^  by  gentle  roasting^  is 
converted  into  cupric  sulphate^  or  more  strongly  heated  till  only 
CuO  remains;  the  escaping  SO^  is  conducted  into  ammonia- 
liquor^  obtained  by  heating  the  ammonium  chloride  of  the  first 
operation  with  lime.  The  ammonium  sulphite  remains  in  contact 
with  the  air  till  it  has  been  converted  into  sulphate^  and  can 
serve  for  again  decomposing  common  salt.  The  caustic  soda  is  used 
as  such^or^by  evaporating  with  coal  dust  and  igniting,  converted  into 
carbonate  (I).  On  December  9th,  1839,  Poole  for  some  anonymous 
individual  obtained  a  patent  for  an  exactly  similar  process ;  but  he 
converts  his  caustic  in  a  more  rational  way  into  carbonate  (if  such 
a  conversion  can  be  called  rational  at  all),  viz.  by  a  current  of  CO3 
in  a  tower  filled  with  pieces  of  granite.  The  ammonium  sulphite 
is  oxidized  by  exposing  its  solution  for  a  sufBcient  time  to  a  cur- 
rent of  air  in  a  vessel  filled  with  wood  shavings,  analogous  to  a 
vinegar-making  tub.  Directly  after  (on  Jan.  21st,  1840),  Hunt 
patented  the  same  method  in  a  slightly  different  form.  Sodium 
sulphide,  obtained  by  heating  sulphate  with  one  third  of  coals,  is 
dissolved  and  treated  with  a  mixture  of  20CusO  (obtained  by  decom- 
posing Cu^Cls  with  lime)  and  1  metallic  copper;  so  that  caustic  soda 
and  copper  sulphide  are  formed.  The  latter  is  gently  heated  in 
order  to  obain  cupric  sulphate,  which  is  decomposed  with  NaCl  into 
CUCI2  and  NaaS04 ;  the  CuClj,  being  digested  with  finely  divided 
copper,  is  converted  into  CU2CI2,  which,  owing  to  its  insolubility,  is 
easily  separated  from  the  solution  of  sodium  sulphate.  Instead  of 
CuO,  ZnO  may  be  employed  for  desulphurizing,  which  may  take 
place  altogether  as  stated  on  p.  856.  The  metallic  sulphides  may 
also  be  more  strongly  roasted,  and  the  arising  SO^  Utilized  in 
vitriol-chambers. 

Possoz  (Compt.  Rend,  xlvii.  p.  848)  takes  up  the  proposal  of 
Pnickner  (also  advocated  by  Persoz),  principally  in  order  to  employ 
the  caustic  soda  for  making  oxalic  acid  from  sawdust  according  to  his 
method.  Possoz  found  that  the  suboxide,  CU4O,  is  more  suitable 
than  the  protoxide,  Cu^O,  because,  on  using  the  latter,  part  of  the 
sulphide  is  converted  into  sulphate  and  hyposulphite.  Johnson^  on 
May  6th,  1862,  again  patented  (for  Burton)  the  desulphurization  of 
NagS  by  Cu,0  (or  FcjOs) ;  even  later  Pamell  obtained  a  patent  for 
employing  zinc  oxide ;  and  on  April  3rd,  1876,  Bazin  and  Wilden 
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obtained  a  Frencli  patent  simply  for  making  caustic  soda  from 
sodium  sulphide  and  cupric  or  ferric  oxide. 

M^Clintock,  on  October  28th^  1861,  obtained  provisional  protec- 
tion for  the  following  process  : — Seven  parts  sodium  sulphate  are 
fluxed  with  8  parts  copper  oxide  and  3  to  3^  parts  coals ;  from  the 
mass  sodium  carbonate  is  to  be  dissolved  out,  the  remaining 
copper  sulphide  to  be  calcined  to  oxide,  or  regulus,  or  sulphate, 
&c. 

12.  By  means  of  ferric  or  manganic  oxide  in  the  wet  way. — 
Arrott  on  June  3rd  patented  the  following  process : — ^A  quantity 
of  peroxide  of  iron  or  oxide  of  manganese  is  put  into  a  solution  of 
caustic  soda,  and  the  solution  is  evaporated  and  heated  until  the 
whole  has  assumed  an  olive-yellow  colour.  Water  dissolves  out 
from  this  mass  caustic  soda,  leaving  the  oxide  now  in  a  state  to  take 
sulphur  from  the  sodium  sulphide.  A  solution  of  this  is  now 
added  so  long  as  the  oxide  continues  to  take  up  sulphur,  whereby 
a  solution  of  caustic  soda  and  a  precipitate  of  FeS  or  MnS  is 
produced.  The  weight  of  the  metallic  oxide  must  at  least  equal 
that  of  the  Na^S.  The  oxide,  caustic  soda,  and  solution  of  sodium 
sulphide  may  hh  added  together.  Caustic  soda  is  obtained  by  heat- 
ing together  carbonate  of  soda  and  peroxide  of  iron  or  manganese 
to  a  fall  red  heat  for  two  or  three  hours  and  lixiviating  the 
residue. 

Gossage  (patent  of  Nov.  18th,  1859)  mixes  a  solution  of  sodium 
sulphide  with  ferric  oxide,  and  injects  a  current  of  carbonic  acid  by 
means  of  a  forcing-pump ;  or  he  decomposes  sodium  sulphide  by 
sodium  bicarbonate  or  sesquicarbonate  in  the  presence  of  ferric 
oxide.  Iron  sulphide  is  precipitated,  which  is  either  dried  and 
burned  for  the  production  of  sulphuric  acid  or  fluxed  with  common 
salt  with  access  of  air  to  form  sulphate. 

Wilson  (patent  of  Nov.  22nd,  1838)  treats  a  solution  of  sodium 
sulphide  with  hydrated  iron  protoxide,  and  passes  steam  through 
the  mixture.  The  Fe(OH),  is  obtained  by  precipitating  FeCl, 
with  milk  of  lime,  the  FeCls  by  boiling  copperas  solution  with 
common  salt,  in  which  case  anhydrous  sodium  sulphate  is  pre- 
cipitated. The  copperas  is  recovered  by  treating  the  FeS  with 
sulphuric  acid,  burning  the  H2S,  and  making  from  it  sulphuric 
acid  again  (!) . 

13.  By  means  of  native  carbonate  of  iron, — Habich  (Dingl.  Joum. 
cxl.  p.  370)  proposed  this  at  first  for  desulphurizing  ordinary  black- 
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ash  tank-liquor,  and  afterwards  as  a  soda-making  process.  But  that 
mineral,  according  to  the  unanimous  testimony  of  practical  men^ 
can  do  neither  the  one  nor  the  other,  as  it  acts  too  slowly  and 
incompletely.  The  same  process  had  been  already  patented  in 
England  by  Cottrill  (Jan.  11th,  1853).  In  France,  De  la  Souchere 
patented  it  again  in  1878. 

All  attempts  to  make  caustic  soda  from  sodium  sulphide  by  means 
of  metallic  oxides  have  hitherto  been  foiled  by  certain  drawbacks. 
First,  it  is  next  to  impossible  to  make  sulphide  free  from  carbonate, 
which  weakens  the  caustic.  Secondly,  much  more  than  an  equiva- 
lent of  the  oxide  must  always  be  employed  for  decomposing  the 
sodium  sulphide  completely — ^frequently  many  times  the  equivalent. 
Thirdly,  the  recovery  of  the  oxide  from  the  metallic  sulphide  is 
always  a  costly  operation,  which  alone  swallows  up  all  possible  profit 
as  against  the  ordinary  process — in  spite  of  the  utilization  of  the 
sulphur,  which  is  always  very  imperfect,  often  economically  impos- 
sible. Lastly,  it  is  impossible  to  avoid  a  certain  loss  of  the  metal, 
which  entirely  excludes  copper  and  even  lead,  considering  its  high 
atomic  weight;  and  the  loss  is  too  great  even  for  the  cheaper 
metals. 

14.  By  means  of  sodium  silicofluoride.  (Claus,  patent  dated 
Dec.  27,  1869). — ^E^uivalent  quantities  of  these  compounds  are 
heated  by  steam  in  a  closed  vessel.     The  reaction  is  : — 

Na^SiFfl + 2NaaS  -f  2H3O = 6NaF  +  SiO,  +  2H2S. 

The  H2S  is  collected  and  utilized  in  some  manner.  The  residue, 
consisting  of  a  solution  of  sodium  fluoride  and  of  silica,  is,  by 
treatment  with  calcium  hydrate  or  carbonate,  converted  into 
NaOH  or  NajCOs  and  CaF^.  The  latter  is  mixed  with  the  silica, 
treated  with  HCl,  and  then  with  NaCl ;  sodium  silicofluoride  is 
regenerated,  as  well  as  HCl,  which  can  be  obtained  by  distillation. 
Even  the  chlorine  of  the  NaCl  can  be  utilized  if,  instead  of  lime, 
magnesia  be  employed  for  decomposing  the  sodium  fluoride.  Ac- 
cording to  direct  information  from  Mr.  Claus,  the  reactions  of  this 
process  are  both  quick  and  complete. 

m.  The  Manufacture  of  Soda  from  Cryolite, 

being  a  really  carried-out  branch  of  industry,  will  be  described  in 
a  special  chapter  (XVII.). 
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JV.  The  Manufacture  op  Soda  from  Nitrate  of  Soda. 

All  the  sodium  nitrate  which  is  required  for  the  manufacture 
nitric  acid  or  directly  used  in  vitriol-works  is  converted  into  acid 
sulphate  (nitre-cake) ;  and  a  large  quantity  of  this  is  employed  in 
alkali-making.     There  exists  however^  a  series  of  proposals  for  the 
direct  utilization  of  nitrate  in  the  alkali-manufacture. 

1 .  By  means  of  coal,  by  deflagration  and  lixiviation  of  the  residue. 
— ^Duhamel  (1735)  was  already  aware  of  this  reaction ;  Marggraf 
(1762)  confirmed  it;  andLeuchs  in  1844  still  thought  it  applicable 
if  nitrate  was  cheap  enough  !  (Wagner's  '  Regesten/  p.  55). 

2.  By  means  of  manganese  peroxide. — ^Wohler  showed  (1861) 
that  on  igniting  sodium  nitrate  with  M nO^  without  access  of  air 
the  nitric  acid  is  completely  decomposed  and  a  mixture  of  caustic 
soda  with  a  lower  oxide  of  manganese  remains  behind;  not  a 
trace  of  sodium  manganate  is  formed  (Ann.  Chem.  Pharm.  cxix. 
p.  375). 

3.  By  means  of  potassium  carbonate. — Leuchs  seems  to  have  been 
the  first  to  propose  making  potassium  nitrate  and  sodium  carbonate 
by  mutually  decomposing  chemically  equivalent  quantities  of 
sodium  nitrate  and  potassium  carbonate.  Anthon  (1840)  found 
this  method  to  answer  very  well.  Gentele  (DingL  Joum.  cxviii. 
p.  200),  Kuhlmann  (Bull.  Soc.  d'Encourag.  1859,  p.  567),  BoUey 
(Dingl.  Joum,  civ.  p.  418),  WoUner  (Polyt.  Notizbl.  1860,  p.  49), 
Schnitzer  (Dingl.  Joum.  clxii.  p.  132),  Schwarz  (ib.  clxiii.  p.  314), 
and  Griineberg  (ib.  clxvi.  p.  75)  give  explicit  details  on  this  pro- 
cess. Griineberg  seems  to  have  been  the  first  who,  during  the 
Crimean  war  (1854-55)  and  subsequently,  manufactured  potassium 
nitrate  and  sodium  carbonate  by  this  now  abandoned  process.  Also 
the  manufacture  of  potassium  nitrate  by  means  of  caustic  potash, 
with  caustic  soda  as  a  by-product,  belongs  here  (described  by  the 
author  in  Dingl.  Joum.  clxxxii.  p.  388) ;  but  in  aU  cases  the  potas- 
sium nitrate  is  the  principal  product,  and  soda  only  a  by-product, 
while  in  the  patent  of  De  Sussex  (June  29th,  1846)  it  was  proposed 
to  decompose  common  salt  by  nitric  acid  and  then  convert  the 
sodium  nitrate  into  carbonate  ! 

4.  By  means  of  magnesium  or  calcium  sulphate. — Kuhlmann 
(Compt.  Rend.  Iv.  p.  246)  showed  that  sodium  nitrate  on  being 
ignited  with  the  above  salts  is  converted  into  sulphate,  whilst  nitro- 
gen tetroxide  escapes,  which  on  being  brought  together  with  air 
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and  water  regenerates  nitric  acid.     Thns  sodium  sulphate  would 
be  made  along  with  nitric  acid  [but  at  a  great  loss  of  the  latter] . 

5.  By  means  of  silica  or  alumina, — Already  in  1648  (Wagner's 
'  Regesten,'  p.  56)  Glauber  knew  that  on  igniting  a  mixture  of  salt- 
petre with  clay  &c.  nitric  acid  was  expelled.  Latterly  attention  has 
been  drawn  again  to  the  fact  of  nitrate  being  decomposed  by  silica 
(Reich^s  saltpetre  test,  Dingl.  Joum.  clx.  p.  367)  and  alumina 
(Wagner,  in  his  ^  Jahresbericht/  1865,  p.  250) ;  thus  sodium  sili- 
cate or  aluminate  might  be  obtained,  and  by  CO3  converted  into 
soda,  recovering  SiOj  and  AiaOs.  Of  course  an  indispensable  condi- 
tion is  the  complete  recovery  of  the  nitric  acid  &om  the  nitrogen 
oxides,  which  is  said  to  be  carried  to  90  per  cent,  in  the  works  making 
arsenic  and  phthalic  acids,  but  according  to  Lieber  (see  below) 
is  very  difficult  in  the  above  cases.  For  that  reason  the  process  has 
nowhere  found  a  home,  although  it  was  patented  for  England  on 
Aug.  6th,  1866,  by  Newton  for  Baker,  Poole,  and  Stace;  they 
wanted  to  employ  the  recovered  nitric  acid  for  decomposing  common 
salt ;  this,  however,  is  not  practicable,  as  ''  euchlore  '^  is  formed  in 
this  process. 

6.  By  means  of  calcium  carbonate. — ^Walz  (Wagner's  Jahresb. 
1869,  p.  182)  heats  sodium  nitrate  with  calcium  carbonate  and 
steam  in  retorts,  condenses  the  nitric  acid,  of  which  almost  (?)  the 
theoretical  quantity  is  obtained,  and  utilizes  the  residue,  consisting 
of  sodium  carbonate  and  lime,  either  directly  or  after  lixiviating 
with  cold  water,  for  making  caustic  soda.  Exactly  the  same  thing 
was  patented  in  Prussia  by  Lieber  in  1867  (Deutsch.  chem.  Ges. 
Ber.  viii.  p.  49)  ;  after  nine  mouths'  working  he  was  obliged  to 
give  up  the  process,  owing  to  the  strong  corrosion  of  all  the 
vessels. 

7.  Hargreaves  ('Mechanics'  Magazine,'  1868,  p.  186)  obtains 
soda  from  the  slags  produced  in  his  (abandoned)  process  for  con- 
verting  pig-iron  into  wrought-iron  or  steel  by  means  of  sodium 
nitrate. 

8.  By  means  of  iron  or  other  metals. — PoUacci  (Chem.  News,  xxvi. 
p.  288)  heats  a  mixture  of  sodium  nitrate  with  two  or  three  times 
its  weight  of  iron  wire  in  an  iron  crucible  or  retort  to  a  red  heat ; 
the  mass  is  lixiviated  with  water :  caustic  soda  is  dissolved ;  and 
ferric  oxide  remains  behind  : 

10Fe+6NaNO3=3Na2O  +  5Fe2O3+6N. 
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Woliler  (Ann.  Chem.  Pharm.  Ixxxvii.  p.  373)  employs  dnt-up  copper 
foil  for  the  same  purpose.  Neither  of  these  processes  has  any  prac- 
tical interest.  Heard,  on  Aug.  1st,  1838,  patented  melting  lead 
-with  sodium  nitrate,  treating  the  product  with  COj  in  closed  vessels, 
and  separating  the  soda  from  the  white  lead  by  lixiviation.  Hill 
(Chem.  News,  xxvii.  p.  170)  points  out  that  solutions  of  sodium 
nitrate  at  a  high  temperature  are  converted  by  zinc  into  caustic 
soda,  ammonia,  and  hydrated  zinc  oxide ;  this  could  only  become 
of  technical  importance,  even  with  the  present  high  prices  of  am- 
monium salts,  if  the  problem  were  solved  of  recovering  the  zinc 
from  the  hydroxide  simply  and  cheaply. 

9.  Lesage  and  Co.  patented,  on  Jan.  20th,  1877,  the  preparation 
of  sodium  bicarbonate  and  ammonium  nitrate  by  passing  COj  into 
a  mixed  solution  of  sodium  nitrate  and  ammonium  carbonate. 

V.  The  Manufacture  of  Soda  from  Soda-felspar. 

This  has  been  attempted  several  times ;  for  instance,  on  Dec. 
16th,  1856,  Newton  patented  (as  a  communication)  the  heating  of 
felspar  with  lime  and  calcium  phosphate,  whereby  caustic  alkalies 
were  to  be  formed. 

The  only  proposals  in  this  direction  offering  any  prospect  of 
success  are  those  made  by  Ward  and  Wynants  (patents  of  Dec. 
30th,  1857,  and  June  2nd,  1864;  comp.  also  Hofmann^s  'Re- 
port by  the  Juries,^  p.  51).  Felspar,  ground  as  finely  as  Port- 
land cement,  is  mixed  with  a  quantity  of  fluor  spar  equivalent 
to  the  alkali  contained  in  it,  or  with  cryolite,  also  with  chalk 
and  calcium  hydrate;  and  the  whole  is  exposed  to  the  heat 
of  a  cement-kiln.  The  mass  frits,  but,  owing  to  the  lime,  re- 
mains porous  and  easy  to  lixiviate  with  water :  the  alkali  of  the 
felspar  (potash  or  soda)  dissolves  as  caustic ;  and  the  residue  may 
be  utilized  as  cement.  Hofmann  (/.  c)  reports  the  splendid  success 
of  this  process  in  recovering  the  whole  of  the  potash  contained  in 
the  felspar ;  DuUo  (Wagner's  Jahresb.  1865,  p.  291)  contests  both 
the  possibility  of  this  and  of  employing  the  residue  as  a  cement. 
In  any  ca^e  the  cost  of  the  process  of  Ward  and  Wynants  renders 
it  quite  inapplicable  to  soda-felspar,  even  if  it  could  be  applied  to 
potash-felspar. 
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CHAPTER  IV. 

THE  MANUFACTUEE  OF  SODA  BY  THE  LEBLANC  PROCESS : 

BAW  MATERLLLS. 

The  raw  materials  of  the  manufacture  of  soda  by  the  process  of 
Leblanc  are  sulphate  of  soda  (in  Lancashire  called  saltcake),  car- 
bonate  of  lime,  and  coal.  The  quality  of  all  three  materials  is 
of  great  importance  for  the  quantitative  and  qualitative  result  of 
the  process. 

The  sulphate  is  employed  directly^  just  as  it  comes  from  the 
calcining-furnace  (roaster,  drier).  Its  ordinary  composition  and 
the  properties  which  it  ought  to  have,  as  well  as  its  chemical  exa- 
mination, have  been  already  described  (p.  lie/  seqq,) ;  here  we 
shall  only  point  out  the  following. 

Even  from  the  outward  appearance  of  sulphate  it  is  possible  to 
get  a  good  idea  whether  it  is  well  adapted  for  alkali-making  or 
not.  It  should  be  very  porous  and  in  the  state  of  fine  powder,  or 
at  least ''  spongy;  '^  any  lumps  present  must  be  quite  easily  crushed 
with  a  spade,  and  then  fall  to  fine  powder.  Hard  lumps  nearly 
always  contain  a  core  of  raw  common  salt,  which  is  known  at  once 
by  its  colour  and  texture ;  on  crushing,  its  coarsely  crystalline  form 
and  grey  colour  present  a  strong  contrast  to  the  fine-grained  yel- 
lowish or  white  sulphate.  Since  sulphate  containing  salt  fluxes 
more  easily  than  in  the  pure  state,  pieces  entirely  fluxed,  even  if 
inwardly  white,  are  also  suspicious  :  probably  owing  to  their  defi- 
cient porosity,  they  work  very  badly  in  the  black-ash  furnace. 
It  goes  without  saying  that  the  purer  the  sulphate  the  better  it  is, 
since  impure  sulphate  requires  exactly  the  same  expenditure  of 
labour,  fuel,  and  wear  and  tear  of  apparatus,  and  yet  furnishes  less 
soda  and  of  a  lower  quality.    The  sulphate  employed  in  alkali- 
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works  usually  contains  about  96,  at  best  97,  per  cent,  real  NaaS04- 
But  the  chemical  composition  is  not  every  thing;  the  physical 
properties  of  the  sulphate  are  also  of  importance  for  the  black-ash 
process.  Hard,  lumpy,  or  fluxed  sulphate,  even  if  containing  97 
per  cent,  pure,  will  not  yield  any  good  black  ash,  until  it  has  been 
finely  ground,  which  is  much  too  costly  an  operation  with  such  a 
hard  material. 

Even  sufficiently  pure  sulphate  is  deteriorated  by  roasting  so  far 
that  the  ferric  sulphate  (always  present  in  it)  has  been  converted 
into  red  ferric  oxide ;  such  sulphate  (termed  '^  foxy  *')  never  makes 
good  soda,  probably  because  it  is  also  too  hard-burnt  and  conse- 
quently does  not  react  so  well  in  the  black-ash  furnace.  Good 
sulphate  accordingly  ought  to  show  a  little,  but  not  above  1*5  or 
at  moat  2  per  cent,  free  acid  (as  SO3) ;  for  in  this  case  it  will  not, 
as  a  rule,  contain  more  than  0*5  or  at  most  1  per  cent.  NaCl. 
The  ^'  free  acid "  of  sulphate  (by  which  term,  as  we  have  seen, 
p.  14,  every  thing  is  understood  which  reacts  on  litmus  paper, 
viz.  bisulphate,  pyrosulphate,  ferric  sulphate,  &c.)  in  the  black-ash 
furnace  is  most  probably  expelled  by  the  heat  there  prevailing ;  or 
a  small  part  of  it  may  be  retained  by  lime.  Thus  much  is  a 
matter  of  experience,  that  even  sulphate  containing  2  per  cent,  fi'ee 
acid  makes  a  good  black  ash,  almost  entirely  free  fr^m  sulphate 
and  sulphide  (see  also  Davis,  Chem.  News,  xxxii.  p.  174).  Very 
acid  sulphate,  of  course,  works  badly,  partly  by  forming  calcium 
sulphate,  which  may  remain  undecomposed  to  some  extent  and 
afterwards  on  being  lixiviated  forms  sodium  sulphate  again,  and 
partly,  in  boiling-down  pans  heated  from  the  top,  by  forming 
sulphate  or  chloride  in  the  soda  liquor  by  means  of  the  acid  vapours 
given  off  from  the  sulphate. 

Sulphate,  in  the  manufacture  of  which  a  great  deal  of  nitrecake 
or,  still  worse,  "  cylinder-cake ''  (from  making  hydrochloric  acid 
in  cylinders)  has  been  employed,  does  not  easily  yield  good  black 
ash,  probably  because  such  sulphate  is  rarely  as  uniform  in  its  qua- 
lity as  that  made  from  salt.  But  the  author  knows  a  few  works 
turning  out  excellent  alkali,  although  they  use  a  very  large  quan- 
tity of  nitre-cake  in  decomposing ;  but  they  always  have  the  nitre- 
cake  ground  oelore  employing  it. 

It  is  an  established  experience  that  quite  fresh  sulphate,  just  as 
it  comes  out  of  the  roaster,  does  not  yield  such  good  ash  as  that 
which  has  been  lying  for  some  time.    Even  outwardly  the  differ- 
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ence  is  noticeable:  whilst  fresh  sulphate  always  shows  more  or 
less  lumps  and  other  irr^ularities  in  texture^  that  which  has  been 
lying  for  some  time  in  a  large  heap  looks  quite  regular  and  of  even 
grain.  In  all  probability^  in  such  large  heaps^  which  retain  their 
heat  for  a  long  time/ a  further  reaction  takes  place  between  the 
undecomposed  sodium  chloride  and  the  excess  acid^  which  improves 
the  quality  of  the  sulphate;  the  attraction  of  some  moisture 
from  the  air^  converting  pyrosulphate  (Na3S207)  into  bisulphate 
(NaHS04),  must  exert  a  very  favourable  influence. 

The  statement  found  in  some  books^  that  frequently  common 
salt  is  purposely  left  in  sulphate^  if  weaker  soda  is  aimed  at^  can 
only  refer  to  the  childhood  and  the  crudest  condition  of  alkali- 
making.  Soda-ash  is  always  made  as  strong  as  possible ;  if  re- 
qmred  weak,  it  is  afterwards  mixed  with  diluents. 

As  calcium  carbonate  both  limestone  and  chalk  are  employed^ 
and  are^  of  course^  all  the  better  the  purer  they  are.  Sand^  clay^ 
iron^  &c.  contained  in  impure  materials  act  prejudicially  by  form- 
ing double  silicates  with  soda^  which  remain  in  the  insoluble 
residue  and  cause  a  loss  of  soda.  Large  quantities  of  magnesia 
are  also  injurious ;  and  dolomitic  limestone  is  consequently  not 
applicable.  Quite  innocuous  are  organic  substances  of  a  bitumi- 
nous nature^  which  stain  many  limestones  blue  or  even  black;  for 
these  act  in  the  black-ash  furnace  like  coal. 

Chalk  is  sometimes  employed  in  pieces  of  the  size  of  a  fist^  ob- 
tained by  breaking  by  hand.  All  the  better  works,  however,  crush 
the  chalk  either  by  edge-runners  or  by  rollers ;  for  it  is  certain 
that  unground  chalk  yields  an  ash  one  or  two  per  cent,  weaker 
than  ground  chalk.  Only  in  revolving  furnaces  is  block  chalk 
employed,  as  we  shall  see.  Fine  grinding  is  not  necessary; 
crushing  to  the  size  of  a  walnut  down  to  that  of  fine  powder  will 
do.  If  the  chalk  is  very  damp,  a  quarter,  one  third,  or  sometimes 
half  of  it  must  be  dried  and  mixed  with  the  other  in  grinding ; 
for  otherwise  the  whole  will  be  crushed  into  a  tough  paste,  which 
is  worse  than  unground  chalk.  The  drying  is  done  by  waste  heat 
or  by  some  very  cheap  fuel,  e,  g.  cinders  picked  out  from  the 
furnace-ashes.  Any  kind  of  furnace  will  do  for  drying ;  a  good 
one  is  a  deep  furnace,  in  which  the  chalk  is  laid  on  a  pigeon-holed 
arch,  below  which  is  the  fireplace.  The  smoke  either  comes  out 
at  the  top,  or  is  taken  away  from  there  by  a  flue  into  the 
chimney. 


Fig.  163  shows  a  convenient  form  of  crushing-rollen  for  chalk  ; 
fig.  164  shows  the  "  edge-riinnera "  employed  for  the  same  pur- 
pose. Wheu  wet  chalk  is  used,  of  course  its  varying  moisture 
must  be  taken  into  account  in  making  the  soda-mixture.  That 
used  on  the  Tyne  contains  on  the  average  20  per  cent,  moisture  ; 

Fig.  163. 


and  the  mixtures  given  below  all  refer  to  chalk  in  this  state. 
Formerly  all  the  Tyneside  works  used  "  London  Chalk "  from 
Greenhithe,  Northfleet,  and  other  places  on  the  Thames,  which 
the  colliers  took  down  with  them  as  ballast,  and  delivered  to  the 
factory  wharves  at  or  even  below  cost  price.     "  Block  chalk  "  is 
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mucli  purer  than  "  cobbles  "  (t.  e.  pieces  of  the  size  of  a  Talout  to 
that  of  an  apple)  or  "  small  chalk ;"  the  former  is  consequently 
always  preferred.  Recently  the  great  extension  of  screw  colliers, 
all  using  water  ballast,  has  considerably  raised  the  price  of  such 
chalk  (formerly  on  the  average  2«.  or  2».  6d.  per  ton) ;  and  several 
of  the  Tyneside  works  have  been  compelled  to  introduce  limestone, 
dearer  and  worse  though  it  be.  The  "French  cliff"  from  the 
baaks  of  the  Seine  below  Rouen,  also  coming  to  the  Tyne  as  bal- 
last, has  always  been  much  too  dear  to  serve  for  black-ash  mixing, 
except  in  great  emergencies ;  as  it  is  harder  than  chalk,  it  must 
be  finely  ground  first. 

Where  no  chalk  can  be  had,  limestone  is  employed ;  this  must 

Fig.  164. 


always  be  crushed  to  the  size  of  a  pea  or  a  bean,  by  rollers,  edge- 
runners,  &c.  In  Lancashire  the  alkali-works  buy  the  limestone 
ready  crushed,  delivered  in  trucks  at  their  works,  at  about  6s.  per 
ton.  The  best  limestone  comes  frem  Buxton,  in  Derbyshire,  other 
descriptions  &om  Cheshire,  Wales,  and  Ireland.  It  might  be 
supposed  that  limestone  must  be  ground  very  fine  to  equal  ground 
chalk  in  the  furoace :  but  it  is  not  so ;  for  the  roughly  crushed 
limestone,  universally  employed  in  Lancashire,  works  much  more 
easily  in  the  furnace  than  London  chalk;  the  balls  iu  the  former 
case  are  much  more  quickly  finished  than  in  the  latter. 

Formerly  some  works  on  the  Continent  are  said  to  have  burnt 
their  limestone  to  lime  and  slaked  this  to  powder  before  mixing ; 
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this  is  probably  nowhere  done  now.     Freshwater  or  mountain 
limestones  are  said  to  be  the  best  varieties  for  this  purpose. 

The  following  are  analyses  of  limestone  and  chalk  for  alkali- 
works  : — 


Calcium  carbonate  

I. 

Clapkam. 

n. 

in. 

LavU. 

IV. 

London 
Chalk. 

Buxton 
limestone. 

Minera 
limestone. 

Butbin 
limestone. 

78-000 
trace 
0-200 
0-160 
0-244 
0119 
0-326 
0-163 
0-220 
0-600 

20600 

99-372 
0-116 
0187 
0-013 
trace 

0-123 
0-106 

trace 

98-298 
0-766 
0-348 
0-022 
trace 

0-146 
0-442 

trace 

98-370 
0-766 
0-252 
0-026 
trace 

0-135 
0-398 

trace 

Magnesium  carbonate 

Ferric  oxide  (or  ferrous  carbonate) 
Manganic  oxide  

Calcium  sulphate 

,.       Dhosphate 

„       idlicRte   ,.  ,..,   , 

Sodium  chloride  • 

Ahimina .. 

Silica 

Moisture   

Onranic  substances  

100-621 

99-917 

100K)11 

99-937 

I.  from  Bichardson  and  Watts's  '  Chemical  Technology/  iii.  p.  236. 

II.  to  IV.  from  Chcm.  News,  zxxii.  p.  176.    These  only  refer  to  picked  lumps ; 
the  average  is  much  more  impure. 

We  shall  see  afterwards  that^  besides  limestone  and  chalky  also 
the  causticizing  lime-mud  is  employed  for  mixing. 

At  Aussig  15  per  cent,  of  the  limestone^  which  is  somewhat  dear 
there^  is  replaced  by  desulphurized  soda-waste,  the  calcium  sulphate 
of  which  does  no  harm,  being  converted  into  sulphide.  Very  much 
of  this  cannot  be  used,  because  the  mixture  becomes  too  bulky 
and  the  process  irregular.  We  shall  see,  in  Chapter  XIV.,  that  by 
the  new  process  of  SchaJQher  and  Helbig  the  whole  of  the  lime  (or 
nearly  so)  woald  be  recovered  and  used  over  again. 

The  quality  of  the  coals  employed  for  the  black-ash  mixture  is 
also  of  very  great  importance.  Which  description  of  coal  is  most 
suitable  is  still  a  moot  point,  both  in  the  books  and  among  prac- 
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tical  men.     All^  however^  agree  that  good  mixing-coal  onght  to 

contain  as  little  ashes  as  possible;  but  some  prefer  bituminous^ 

others  more  anthracite-like  coal.    In  Hofinann's  '  Report  by  the 

Juries/  p.  21^  the  former  is  demanded ;  but  a  few  lines  lower  down 

the  latter^  with  80  per  cent,  coke  and  4  to  9  per  cent,  of  ash^  is 

preferred  to  one  yielding  only  60  per  cent,  coke  and  10  to  15  per 

cent,  ash ;  and  again  a  few  lines  lower  down  it  is  stated  that  in 

England  the  coal  employed  by  alkali-manufacturers  ^'  generally  " 

contains  less  than  5  per  cent,  of  ashes.     In  reaUty  many  practical 

manufacturers  believe  that  anthracite-like  coal  is  less  suitable  for 

soda-making  than  bituminous  coal;  the  more  it  cokes,  the  better 

it  is ;  but^  within  the  range  of  coking  coals^  of  course  those  are 

best  which  yield  the  largest  percentage  of  coke,  apart  from  ashes, 

as  the  bituminous  constituents  are  mostly  driven  out  and  burnt 

much  too  quickly  to  exercise  much  action  in  the  furnace.     Still 

they  always  act  in  penetrating  the  whole  mixture  and  introducing 

the  reduction,  also  in  causing  the  coal  to  swell  up  and  become 

porous,  which  is  of  use,  since  the  mass  in  the  Aimace  never  gets 

melted  into  a  real  liquid,  and  the  large  surface  of  well-coking 

swelling-up  coal  will  give  better  results  than  the  small  surface  of  a 

non-coking  coal  containing  much  more  carbon.     But,  in  direct 

opposition  to  these  views,  other,  equally  practised,  manufacturers 

prefer  a  ^'  dry  '^  mixing  coal  to  a  bituminous  one,  because  the  batch 

in  the  former  case  does  not  heat  so  quickly,  and  the  process  then 

goes  on  more  slowly  and  steadily,  so  that  the  men  have  proper 

time  for  working  the  ball  through  before  it  becomes  too  stiff  and 

must  be  drawn  out.     These  manufacturers  try  their  mixing-coals 

in  a  platinum  crucible,  and  prefer  one  coking  very  slowly  and 

yielding  a  very  high  percentage  of  coke. 

The  latter  certainly  should  not  be  caused  by  too  high  a  percent- 
age of  ash.  Coal-ashes,  consisting  principally  of  aluminium  and 
calcium  silicate  and  ferric  oxide,  cause  the  formation  of  sodium 
silicate.  This,  so  far  as  it  is  dissolved,  has  about  the  same  value 
as  carbonate  for  most  purposes,  and  in  testing  is  always  calculated 
as  "  available  soda,''  as  it  is  indicated  by  test  acid  along  with  car- 
bonate and  caustic.  But  at  the  same  time,  analogous  to  the 
manufacture  of  prussiate  of  potash,  insoluble  double  silicates  are 
always  formed,  which  lock  up  a  considerable  portion  of  soda  in  a 
non-available  form.  With  coal  rich  in  ashes,  consequently,  much 
less  and  much  weaker  soda-ash  is  always  obtained  than  with  coal 
poor  in  ashes.    This  subject  will  have  to  occupy  us  again  later  on. 
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Frequently  much  stress  is  laid  upon  the  freedom  of  mixing-coal 
from  iron  sulphides  (pyrites).  Practical  men^  however,  agree  that 
this  constituent  does  little  harm  within  moderate  limits^  such  as 
those  within  which  it  usually  occurs;  up  to  1*5  per  cent,  sulphur 
may  occur  even  in  very  good  mixing-coal. 

Generally,  it  may  be  said  that  good  mixing-coal  contains  little 
ash  (less  than  10  per  cent.),  cokes  well,  and  yields  much  coke  (65 
to  73  per  cent.).  But  it  cannot  be  denied  that  the  analysis  and 
outward  appearance  of  a  coal  do  not  give  a  certain  clue  to  its  suit- 
ability for  mixing ;  some  coals  yield  more  and  better  soda-ash  than 
others  whose  analytical  data  are  much  more  favourable.  When 
examining,  not  picked  lumps,  but  samples  of  several  cwt.  reduced 
in  the  proper  manner,  the  author  has  never  met  with  an  English 
mixing-coal  containing  less  than  7  per  cent,  of  ash.  On  the  Rhine 
the  alkali-works  regularly  employ  washed  '^  duflf,"  containing  only 
5  per  cent.  ash.  For  a  good  mixing-coal  a  considerably  higher 
price  is  paid  than  for  a  bad  one,  because  the  loss  in  quantity  and 
strength  of  the  ash  is  much  greater  than  the  difference  in  price  of 
the  coal.  A  contract  for  mixing-coal  ought  never  to  be  entered 
into  before  making,  in  addition  to  the  analysis,  a  prolonged  trial  of 
it  on  the  large  scale.  The  first  black -ash  balls  will  give  an  idea  of 
the  quality  of  the  coal ;  but  the  yield  of  soda-ash  can  only  be  found 
out  by  a  week^s  or  a  fortnight^s  trial. 

Leblanc^s  original  prescription  was  for  charcoal.  This,  on  account 
of  its  price,  is  hardly  ever  used  now.  Its  porosity  should  be  in  its 
favour;  but  the  author  knows  of  a  Hungarian  alkali- works  which 
was  compelled  to  give  up  the  use  of  wood-charcoal  for  soda-mixing, 
and  to  introduce  real  coal  (much  dearer  there),  because  no  proper 
black  ash  could  be  made  with  charcoal.  Of  course  soda  can  be 
made  by  means  of  any  other  reducing  body,  such  as  coke,  lignite, 
peat,  sawdust,  wood ;  but,  for  practical  reasons,  most  of  these 
cannot  be  employed,  even  if  they  are  much  cheaper  than  coal 
for  equal  reducing-value.  Here,  however,  we  must  mention  the 
experiments  of  Kolb  (Ann.  Chim.  Phys.  (4)  vii.  p.  218),  which 
contradict  the  above- stated  opinion,  universally  accepted  in  prac- 
tice. Kolb  concludes  that  coal  acts  not  only  by  its  carbon,  or 
by  the  coke  remaining  on  heating,  but  also  by  the  hydrocarbons 
— that  is,  by  its  total  reducing-property  as  it  is  indicated  by 
Berthier^s  litharge  assay,  in  which  each  34*5  grams  reduced 
lead  represents  1  gram  of  pure  carbon  or  its  reducing  equi- 
valent  of  hydrogen   (0*33   gram)  or   of  hydrocarbons.      [It    is 
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well  known^  however,  that  Berthier's  test  is  not  only  theoretically 
inexact,  but,  in  the  case  of  materials  rich  in  hydrogen,  illusory, 
because  a  portion  of  the  hydrocarbons  is  always  volatilized  as  such 
and  escapes  the  oxidizing  action  of  the  litharge.] 

Kolb  operated  on  two  mixtures,  only  differing  from  each  other 
by  their  percentage  of  coal.  In  the  first  (J)  it  is  supposed  that  the 
coal  only  acts  by  its  carbon ;  in  the  second  (M),  that  it  acts  by  all 
its  reducing  elements,  expressed  in  equivalents  of  coal.  In  spite 
of  the  difference  in  the  quantity  of  coal,  both  mixtures  yielded 
almost  the  same  result ;  only  the  mixture  J  yielded  a  somewhat 
higher  percentage  of  caustic  in  the  ash.  The  mixture  was  made 
according  to  the  formula 

3  NasSO^ + 4  CaCOj  + 18  C. 
AU  the  figures  refer  to  kilograms. 

Mixture  J. 

Sulphate  106    =100     NajSO^ 
Chalk       101    =  94     CaCOs 
Coal  75-5=  50*7  carbon. 

Eesult : — 

Black  ash  of  39°  Decroiz=169-4 
Soda  ash  of  90°      „       =  73-4 

Mixture  M. 

Sulphate  106    =100     Na2S04 
Chalk      101    =  94     CaCO^ 
Coal  60-5=  50'7  reducing  elements,  expressed 

in  equivalents  of  C. 

Result : — 

Black  ash  of  41°  Decroiz =161-9 
Soda  ash  of  89°      „       =  75-5 

[These  experiments  of  KolVs  have  absolutely  no  practical  value, 
because  he  employed /ar  too  much  coal  altogether;  even  his  mix- 
ture M  contains  far  more  coal  than  ought  to  be  employed ;  and  it 
is  no  matter  for  surprise  that  the  mixture  J,  contaiaing  a  further 
excess  of  coal,  could  not  famish  more  ash  than  M.] 
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Kolb  has  further  made  experiments  in  which  coal  was  replaced 
by  other  materials  containing  carbon^  but  according  to  another 
formula^  viz. 

3  NasS04+4  CaC08+ 13  C. 

The  following  mixture  was  always  employed : — 

100  NajSO^  [i.  e.  106  sulphate). 
94  CaCOa  (i.  e.  101  chalk). 
44  C  (t.  e,  its  equivalent  of  sundry  combustible  matters). 

By  representing  the  44  carbon  in  this  mixture  by  the  following 
materials  he  obtained  the  results  stated  in  the  same  lines  with  each^ 
viz. : — 

57-2  coke         yielded  163  black  ash  of  36^=  73-5  soda  ash  of  83° 
70    charcoal  „     165       „       ..       40^=78        „       „       84° 

301     sawdust  y,     159 

56     coal-tar  pitch ,,     158 

166    peat  „     164 

It  is  perfectly  true  that  these  differences  are  not  greater  than 
those  that  obtain  in  working  on  the  large  scale  with  different 
batches  made  by  the  same  mixing-coal ;  but  still  Kolb's  conclusion, 
that  it  is  indifferent  which  kind  of  coal  or  carboniferous  substance 
is  used  (except  coal  containing  pyrites)^  is  quite  unwarranted ;  and 
it  is  hardly  possible  to  assume  that  any  alkali-works^  manager  would 
actually  make  a  mixture  with  sawdust  or  peat^  instead  of  good  coal. 
Kolb's  experiments  neglect,  in  the  first  place,  the  above-mentioned 
circumstance  that  Berthier's  assay  is  not  correct.  Thus  his  44  pure 
carbon  are  represented  by  the  enormous  quantity  of  301  sawdust, 
which,  for  wood  containing  20  per  cent,  moisture  and  in  the  dry 
state  50  per  cent.  C,  6  per  cent.  H,  and  40  per  cent.  O,  are  theo- 
retically equal  to  127'5  carbon.  In  fact  only  that  amount  of  the 
constituents  of  sawdust  is  available  which  would  have  remained 
behind  on  coking ;  and  Kolb^s  own  experiments  thus  entirely  agree 
with  the  opinions  stated  above,  but  directly  contradict  his  own  con- 
clusions. Secondly,  Kolb  says  nothing  about  the  fact,  which  he 
as  a  practical  man  must  have  known,  that  a  mixture,  either  made 
exclusively  with  coke  on  the  one  hand,  or  with  sawdust  and  peat 
on  the  other,  could  not  be  properly  wrought  in  the  furnace,  and 
would  yield  abnormal  black  ash.    The  above  results  could  only  be 
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obtained  by  special  experiments^  made  imder  bis  personal  super- 
vision and  witb  particidar  care ;  and  notbing  is  said  about  tbe  cost 
of  labour  and  fuel,  or  about  the  time  required.  This  holds  good 
even  of  different  descriptions  of  coal,  although  they  may  have  the 
same  reducing  action  on  lead. 

lAgnite  {Brown  coal)  in  some  cases  has  been  advantageously  em- 
ployed for  soda-mixing ;  and  there  is  no  chemical  reason  why  this 
should  not  be  done,  so  long  as  the  lignite  fulfils  the  first  condition 
of  not  containing  too  much  ash.  Earthy  brown  coal  is  not  usable ; 
but  the  so-called  pitch-coal  and  other  pure  bituminous  varieties 
are.  A  brown  coal  fit  for  gas-making,  if  poor  in  ashes,  is  also 
always  fit  for  mixing.  At  Aussig  the  same  Bohemian  pitch-coal, 
containing  6  or  7  per  cent,  ash,  is  employed  for  making  the  gas  for 
the  works  and  the  town,  and  for  mixing ;  even  the  coke  coming  out 
of  the  gas-retorts,  after  being  crushed,  is  employed  in  mixture 
along  with  fresh  coal. 

The  nitrogen  in  coal,  which  varies  from  0*5  to  1*75  per  cent., 
mostly  exerts  an  injurious  action.  If  the  mixing-coal  contains 
much  nitrogen,  a  strong  smell  of  ammonia  is  noticed  on  drawing 
a  ball,  and  also  especially  after  standing  some  time  in  damp  air. 
A  large  portion  of  the  nitrogen,  under  the  influence  of  the  heat 
and  the  lime,  will  be  converted  in  the  furnace  itself  into  ammonia, 
which,  combined  with  the  sulphurous  and  sulphuric  acid  of  the 
gases,  escapes  in  the  form  of  white  clouds  from  the  chimney. 
Another  portion  of  the  nitrogen,  under  the  influence  of  the  alkalies 
and  the  carbon,  is  converted  into  sodium  cyanide,  of  which  part  is 
converted  into  cyanate  by  the  oxidizing  action  of  the  flame.  It  is 
the  latter  salt  which  continues  the  evolution  of  ammonia  even  after 
the  balls  are  cooled  down,  since  by  the  action  of  moisture  the  fol- 
lowing reaction  goes  on  : — 

CONNa-|.2H30=CO(OH)(ONa)  +NH,. 

Sodium  cyanate  does  not  do  much  harm  j  but  sodium  cyanide,  on 
the  lixiviation  of  the  black  ash,  must,  exactly  as  in  the  manufacture 
of  prussiate  of  potash,  be  converted  into  ferrocyanide  by  finely 
divided  iron  sulphide — ^nay,  even  by  the  iron  of  the  vessels,  which 
afterwards  carries  a  very  troublesome  percentage  of  iron  into  the 
soda  ash ;  on  calcining,  ferric  oxide  is  formed,  which  discolours  the 
ash.  Where  potash  is  made  by  Leblanc's  process  from  potassium 
sulphate  and  coal  containing  much  nitrogen,  it  pays  to  recover  the 

2b2 
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ferrocyanide  arising  in  the  above  way ;  in  the  soda-manuf actnre 
this  takes  place  quite  exceptionally,  as  the  solubilities  of  sodium 
ferrocyanide   and  carbonate  do  not  favour  their  separation  like 
those  of  the  corresponding  potassium  salts 'i'.     Under  similar  cir- 
cumstances mixing-coal  containing  but  little  nitrogen  is  more  valu- 
able than  that  which  is  rich  in  nitrogen ;  still  better,  but  mostly 
too  dear,  are  materials  &ee  from  nitrogen,  such  as  coal-tar  pitch 
&c.    It  will  be  understood  that  in  any  case  less  sodium  cyanide  is 
found  in  '^well  fired '^  balls  than  in  badly  fired  ones,  just  because 
in  the  former  cyanate  has  been  formed.    Weldon  (Chem.  News, 
xxxviii.  pp.  137  &  177)  has  proved  by  a  number  of  data  that  the 
formation  of  cyanides  (along  with  which  sulphocyanides  always 
appear)  is  observed  to  be  more  abundant  at  a  lower  temperature : — 
for  instance,  where  wet  caustidzing  mud  is  employed  instead  of 
limestone;  in  revolving  furnaces  generally,  the  charge  in  which  is 
less  hot  than  in  hand-furnaces ;  but  specially  also  where  famacea 
were  working  at  a  lower  heat  than  usual ;  foxther,  in  the  general 
English  style  of  working,  altogether  dilSTerent  from  the  French 
style,  the  batches  in  the  latter  being  left  longer  in  the  furnace  &c. 
A  means  of  thoroughly  getting  rid  of  cyanogen  compounds  has 
been  quite  recently  discovered  by  Pechiney,  who  adds,  at  the  finish 
of  an  ordinary  charge,  some  fresh  sulphate,  which  destroys  the 
cyanides  and  permits  the  liquors  to  be  obtained  free  from  iron ;  the 
details  of  this  process  will  be  found  in  the  following  chapters. 

Analyses  of  good  miocmg-codU. 

According  to  Richardson  (Newcastle  coal)  : — 

Carbon  7434 

Hydrogen 4*96 

Nitrogen    1*42 

Oxygen 1016 

Sulphur 1-39 

Ash    7-73 


10000 


*  Weldon  reports  a  case  of  a  soda-works  purposely  increasing  the  cyanides  in 
black  asli  by  employing  coal  ricb  in  nitrogen,  in  order  to  recover  them ;  but  it 
appears  from  the  report  that  here  also  the  quality  of  the  ash  fished  from  the 
liquors  was  unfftvourable.    (Ohem.  News,  xxxviii.  p.  177.) 
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According  to  Davis  /.  c.  (Lancashire  coal)  : — 

f  Carbon  70122 
t  Nitrogen  0*286 


Combustible  substance 88*590 

"  Volatile ''  sulphur 1*387 

SiUca :..  4*936 

Alumina    2*575 

Ferric  oxide 1*511 

Lime 0-700 

Magnesia  0*052 

Sulphur  trioxide  0*243 

Phosphorus  pentoxide 0*006 


Total  ash 
10*000 
Total  sulphur 
1-432 


100-000 


Pattinson  (Trans.  Newc.  Chem.  Soc.  iv.  p.  183)  gives  analyses  of 
superior  (1  to  6)  and  inferior  (7  to  9)  mixing-coal  used  at  Tyneside 
alkali- works. 


No. 

Coke 

leds 

ashes. 

BituTTii- 

nous 
substance. 

Volatile 
sulphur. 

Sulphur 

in 

ashes. 

TotAl 
sulphur. 

Ashes. 

Moisture. 

1. 

6119 

27-35 

1-47 

018 

1-66 

8-32 

1-67 

2. 

6311 

26-60 

1-38 

0-32 

1-70 

8-76 

1-16 

3. 

6409 

26-90 

106 

0-22 

1-28 

7-94 

1-01 

4. 

6801 

26-27 

0-78 

Oil 

0-89 

4-80 

114 

5. 

66-51 

26-83 

0-69 

0-16 

0-84 

6-90 

1-07 

6. 

6646 

25-72 

0-59 

0-12 

0-71 

618 

1-06 

7. 

58-61 

25-88 

1-66 

0-30 

1-96 

12-56 

1-39 

& 

66-00 

27-26 

0-68 

0-46 

1-14 

14-42 

1-64 

9. 

68-80 

26-20 

0-76 

0-52 

1-28 

12-88 

1-36 

[In  the  discussion  following  upon  Pattinson's  paper  one  of  the 
largest  alkali-makers  present  remarked  that  coals  with  only  4  or  5 
per  cent,  ashes^  like  Nos.  4  and  5,  in  practice  only  occurred  quite 
exceptionally.] 
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Analyses  of  ashes  of  mixing-coals  (Davis) , 

A.  B. 

Silica    49-36  48-74 

Alumina 26-86  2279 

Ferric  oxide 14-00  18-76 

Lime.; :..       7-07  5-43 

Ma^esia 0-48  099 

Sulptur  trioxide 1*12  2-74 

Phosphorus  peutoxide ...       0*11  0-05 


99-00  99-50 

Where  a  good  coal  with  little  ashes  cannot  be  got,  washing  will 
in  many  cases  be  advisable  for  removing  slate,  pyrites,  &c.,  as  is 
done  on  a  very  large  scale  in  many  places  for  making  coke.  This 
is  generally  done  on  the  principle  of  the  impact  sieve,  and  at  any 
rate  more  cheaply  than  in  the  way  proposed  by  Hargreaves  ('  Me- 
chanics' Magazine,'  1868,  p.  125),  viz.  putting  the  coal  in.a  solution 
of  sodium  sulphate  or  sulphide  of  such  high  specific  gravity  that 
the  coal  will  float  in  it,  while  the  heavy  impurities  will  sink  to  the 
bottom. 

"Wherever  possible,  the  coal  employed  is  small  coal  (slack),  which 
is  much  cheaper  than  rough  coal,  especially  near  the  collieries, 
where  the  freight,  the  same  for  both  descriptions,  does  not  make 
the  difference  of  price  comparatively  less,  which  the  freight  for 
longer  distances  certainly  does.  When  a  factory  has  to  get  its 
mixing-coal  from  a  long  distance,  sometimes  paying  considerably 
more  for  freight  than  for  the  coal  itself,  it  is  often  cheaper  to  get 
rough  coal,  because  it  contains  less  ashes  than  small.  But  then  the 
coal  must  be  crushed.  In  opposition  to  the  opinion  sometimes 
expressed,  that  a  coarse  grain  of  the  mixing-coal  is  required  for 
making  porous  balls,  it  should  be  stated,  from  practical  experience, 
that,  for  equal  quality  as  regards  ashes  and  carbon  &c.,  a  coal  works 
all  the  better  the  more  finely  it  is  divided ;  of  a  very  small  coal  less 
will  be  required  than  of  the  same  coal  in  pieces  of  the  size  of  a  wal- 
nut or  an  apple.  The  author  knows  of  excellent  results  obtained 
with  the  finest  dust  or  '^  duff.''  The  porosity  of  black-ash  ought 
not  to  be  attained  by  pieces  of  coal  remaining  in  it,  but  in  a  dififerent 
way ;  moreover  good  mixing-coals  mostly  coke  more  or  less ;  so  that 
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the  fine  powder  is  agglomerated  again^  but  in  such  a  way  as  to  en- 
close particles  of  sulphate  and  chaJk  and  to  act  chemically  upon 
them. 

Where  the  coal  is  not  employed  in  lumps  {i.e.  in  the  great 
majority  of  cases)  ^  it  is  rarely  ground  by  itself,  but  only  deprived  of 
large  pieces  by  passing  it  through  a  screen.  The  mixing-materials 
are  usually  not  mixed  with  each  other  beforehand ;  but  barrows  con- 
taining each  of  them  separately  are  tipped  in  front  of  the  furnace, 
and  they  are  only  mixed  by  the  operation  of  shovelling  them  into 
the  furnace.  It  is  best  first  to  tip  the  chalk  (or  limestone),  then 
the  coals,  last  of  all  the  sulphate.  ITie  latter  is  by  far  the  most 
valuable  of  the  materials ;  and  less  of  it  is  lost  in  this  way.  More- 
over, on  shovelling  it  in,  it  thus  gets  to  lie  more  on  the  furnace- 
bottom;  and  the  chalk  and  coal  on  the  top  of  it  prevent  it  from 
being  mechanically  carried  away  by  the  draught.  In  larger  works 
the  charge,  to  save  time  and  cooling  of  the  furnace,  is  usually  tipped 
in  all  at  once  through  a  hopper  in  the  fiimace-roof,  which  supposes 
a  tramway  running  on  the  top  of  the  furnaces ;  iu  this  case  the  sul- 
phate is  tipped  first  into  the  hopper.  The  materials  are  then  only 
raked  through  roughly,  more  in  order  to  spread  them  more  evenly 
in  the  furnace  than  to  mix  them ;  the  latter  takes  place  properly 
only  later  on. 

It  is,  however,  advisable  not  to  be  satisfied  with  this  superficial 
kind  of  mixing ;  better  crushing  and  mixing  of  the  materials  will 
be  found  to  pay  very  well.  This  is  done  very  easily  by  tipping  them 
into  a  hopper  below  which  a  pair  of  fiuted  rollers  (like  those  in 
fig.  163,  p.  364)  are  fixed.  In  this  case  the  chalk  need  not  be  sepa- 
rately ground,  but  may  be  put  in  in  lumps,  since  it  will  be  crushed 
with  the  other  materials ;  and  it  is  not  even  necessary  to  dry  it, 
as  its  moisture  will  be  absorbed  by  the  sulphate  and  the  whole 
will  be  easily  crushed  between  the  rollers.  The  weighed,  mixed, 
and  crushed  materials  for  each  batch  maybe  tipped  through  agrating 
into  waggons,  which  will  take  them  straight  to  the  charging- 
hoppers ;  if  there  is  no  natural  difference  of  levels,  the  waggons 
must  be  lifted  by  hydraulic  or  other  power;  or  else  the  crushed 
materials  may  fall  through  the  grate  into  a  small  well  and  thence 
be  taken  up  by  an  endless  chain  of  buckets  and  tipped  at  the  top 
into  the  hoppers. 

For  revolving  black-ash  furnaces  the  chalk  need  not  be  crushed 
at  all ;  it  is  purposely  employed  in  the  damp  state ;  and  when  it  is 
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tipped  into  the  white-hot  farnace^  the  sudden  evaporation  of  the 
water  tears  the  pieces  asunder  with  the  force  of  an  explosion^  pro- 
ducing fine  powder.  But  for  these  furnaces  the  coarse  lumps  or 
fluxings  must  be  removed  from  the  sulphate^  either  by  passing  it 
through  crushing-rollers  or  through  a  screen  on  tipping  it  into  the 
warehouse^  and  grinding  the  rough  pieces  by  themselves;  the 
sulphate  from  Joneses  mechanical  furnace  is  fine  enough  without 
this. 

The  proportions  in  which  the  materials  are  mixed  vary  much  in 
different  countries^  and  even  in  neighbouring  works  in  the  same 
country.  A  large  proportion  of  the  variations  which  appear  in 
published  statements  or  private  notes  are  certainly  owing  to  ine- 
qualities of  the  materials  themselves ;  e.  g.  of  chalk  with  20  per 
cent,  moisture  much  more  is  of  course  required  than  of  dry  lime- 
stone. When  this  is  taken  into  account^  it  is  found  that  on  the 
whole  the  proportion  between  sodium  sulphate  and  calcium  carbo- 
nate does  not  differ  very  much ;  practice  had  long  since  discovered^ 
what  Scheurer-Kestner  afterwards  demonstrated^  that  no  more  of 
the  latter  should  be  employed  than  is  required  for  complete  decom- 
position. But  the  deviations  in  the  proportion  of  coal  are  too  great 
to  be  reduced  to  differences  in  the  quality  of  the  coal.  French 
works  usually  employ  much  less  mixing-coal  than  English  ones ; 
the  German  ones  are  about  midway  between. 

Leblanc  employed  the  following  proportions : — 

100  calcined  sulphate^ 
100  chalk, 
50  charcoal ; 

and,  indeed^  for  hand  Aimaces  the  average  mixture  is  still  about  the 
same  as  that  indicated  by  Leblanc. 
Kolb^s  mixture^  e.  g.,  is 

100  pure  Na2S04  (  =  106  commercial  sulphate), 
94    „     CaCOa  (  =  101  chalk), 
44    „     C  (=52*5  bituminous  coal). 

Scheurer-Kestner  (Rep.  Chim.  appl.  1862,  p.  231)  quotes  the 
following  mixtures  of  ten  different  works  : — 
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1.  2.  8.  4.  6.  6.    7.    8.   9.  10. 

Sulphate 100  100  100  100  100  100   100  100   100  100 

Chalk 107-7  110  103  975  116  121   115   936  100  902 

Goal  73  50  617  556  35  466  68   404  40*3  42-1 

Other  published  mixtures  (all  reduced  to  100  sulphate)  are  the 
following : — 

1.  2.  a  4.  5.  6.  7. 

Sulphate 100  100  100  100  100  100  100 

Chalk  or  limeetone  ...    115  121  115  100  97-6  107-7  100-108 

Coal    30-35      466      68  75         55-^9     73  66 

8.  9.  10,  11.  12.  13.  14. 

Sulphate 100         100  100  100  100  100  100 

Chalk  or  limeBtone  ...    110-120  103  125  115  138  106  100 

Coal    50  61-7  45  53  70  625  56-5-«5 

15.  16.         17. 

Sulphate 100         100        100 

Chalk  or  limeatone   ...    117  110        107 

Coal    64  60         40 

Nos.  1,  2,  3  (from  German  works),  Kerl-Stohmann,  Techn. 
Chemie,  v.  p.  334 ;  Nos.  4  and  5  (English  works),  ib. ;  Nos.  6  and 
7,  Muspratt;  No.  8,  lire;  No.  9,  Brown;  Nos.  10-15,  from 
Richardson  and  Watts,  vol.  iii.  p.  234  (viz.  10,  a  mixture  of  a 
French  works  for  soda  crystals;  11,  the  same  for  soap-making; 
12,  Lancashire  mixing,  with  ''slaked  lime*';  13,  the  same,  with 
quicklime  [?] ;  14  and  15,  Tyneside  mixtures)  ;  No.  16,  Davis, 
Chem.  News,  xxxii.  p.  176;  No.  17,  Fischer,  Deutsch.  chem.  Ges. 
Ber.  ix.  p.  1559  (mixing-coal  containing  9  per  cent,  ashes). 

The  author  himself  has  observed  the  following  mixtures  : — 

1.  2.  3.  4.           5.           6.  7. 

Sulphate 100  100  100  100  100  100  100 

Chalk  or  limestone  ...    112*5-120  105          95  104  220  103  100 

Coal    46-52  53  56  60          67          60  46 

8.  9.  10.  11. 

Sulphate 100  100  100  100 

Chalk  or  limestone  ...    100  100  104  101-2 

Coal    327  34-8-36  36          39 

No.  1.  Own  work,  chalk  varying  according  to  moisture  (10  to  20 
per  cent.),  coal  according  to  quality.  2.  Mixture  at  St.  Rollox  in 
1864  for  soda  ash.  3.  Ditto  for  crystals,  dry  limestone.  4.  Large 
Lancashire  works,  dry  limestone.    5.  Small  works,  employing  cans- 
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ticizing  mud  with  50  per  cent,  water.  6.  Large  Tyneside  works ; 
dried  chalk  with  3  to  4  per  cent,  moisture.  7.  Rhenish  works 
(1878).  8.  French  works  (1878) ;  soda  ash  for  bleachers.  9.  The 
same^  for  ordinary  ash.  10.  French  works  (1878),  making  white 
caustic  ash;  sometimes  for  this  purpose  up  to  110  chalk  (dry^) 
is  taken,  but  for  sulphate  &om  rock-salt  only  94  chalk.  11.  Alsa- 
tian works. 

All  these  are  mixings  for  hand-furnaces ;  those  for  revolvers  will 
be  stated  in  that  chapter.  We  would  point  out  that,  according  to 
the  theory  of  the  soda-process  later  on  represented  by  us  as  the 
most  probable  one,  5  molecules  of  sulphate,  7  of  calcium  carbonate, 
and  12  of  carbon  come  into  play — ^that  is,  100  Na^SO^,  98*7  CaCOa, 
and  20'3  C  ;  of  this,  however,  2  molecules  CaCOs  and  2  molecules 
C  are  not  required  for  the  theoretical  decomposition,  but  only  for 
the  practical  operation,  which  demands  the  formation  of  a  little  CaO 
and  CO  at  the  close  of  the  operation ;  without  this  only  70*4  CaCO^ 
and  16*9  C  would  be  required.  Of  carbon  there  is  always  much 
more  needed,  because  a  good  deal  of  the  coal  simply  bums  in  the 
furnace  and  another  portion  remains  in  the  black  ash.  Of  calcium 
carbonate  the  quantity  first  indicated  cannot  well  be  diminished  for 
hand-furnaces;  but  we  sha^  see  that  this  is  certainly  done  in 
revolving  furnaces. 

We  shall  lastly  mention  some  mixings  for  the  Pechiney-Weldou 
process  which  give  excellent  results  :— 

Sulphate lOO'OO  100*00 

Limestone  79*40  75*00 

Coal    41-60  38*20 

Final  sulphate    5*88  5*88 

„     limestone  dust ...  7*35  7*35 

or  on  the  whole. 

Sulphate 100*00         100*00 

Limestone  81*90  77*80 

Coal    39*29  3610 

The  most  recent  progress  in  soda-making  has  decisively  shown 
that  it  is  not  only  possible  but  advisable  to  cut  down  the  quantity 
of  calcium  carbonate  and  coal  in  comparison  with  that  of  the  sul* 
phate,  thus  approximating  it  to  the  theoretical.     For  mechanical 


RAW  MATEBIALS  OF  THE  LEBLANC  PROCESS.         379 

reasons  the  latter  will  always  have  to  be  exceeded  to  some  extent ; 
but  in  Mactear's  process  (applicable  to  revolving  furnaces)  the 
quantity  of  limestone  and  lime  has  already  been  reduced  to  80  per 
cent,  of  the  sulphate.  As  to  coal,  the  low  percentage  employed  by 
the  French  works  has  recently  been  acknowledged  on  all  sides  to 
be  the  best  possible  for  good  quality  of  the  ash.  Even  less  than  30 
per  cent,  is  now  sometimes  used ;  but  when  the  quantity  is  reduced 
so  far,  there  is  some  danger  of  not  decomposing  all  the  sulphate  and 
thus  losing  in  yield.  Equally  low  is  the  proportion  of  limestone 
in  the  Pechiney-Weldon  process. 


880  SODA. 


CHAPTER  V. 

THE  BLACK-ASH  FURNACES. 

The  black-ash  mixture  is  always  heated  in  a  reverberatory  fumace^ 
which  on  the  whole  is  of  a  very  simple  shape^  with  the  exception  of 
the  mechanical  or  cylinder  furnaces  (to  be  described  afterwards). 
Still  a  number  of  precautions  must  be  observed  in  their  construc- 
tion^ without  which  either  the  necessary  heat  will  not  be  attained 
or  the  furnace  will  be  worn  out  too  quickly. 

The  furnace  originally  employed  by  Leblanc  and  Dize  was  rec- 
tangular^ and  had  a  small  working-bed  along  with  a  very  large 
fireplace  (6  ft.  6  in.  x  2  ft.) .  J.-B.  Payen,  who  first  carried  out 
Leblanc's  process  on  a  lar^  scale^  in  1796  improved  the  furnace 
by  introducing  a  larger  elliptical  bed  and  a  smaller  fireplace  (5  ft. 
3  in.  X  2  f);.) .  Further  improvements  were  introduced  in  1807  by 
Darcet  and  the  Marseilles  manufacturers ;  and  ultimately  Cl^ment- 
Desormes  constructed  very  large  furnaces  in  order  to  save  fuel  and 
labour. 

Payen  gives  the  following  table  of  the  dimensions  and  production 
of  these  soda-furnaces  (p.  381) . 

The  last  furnace  constructed  by  Clement  was  thus  four  times  as 
large  as  that  of  Payen  j  the  charge  worked  from  each  of  its  four 
working-doors  was  as  large  as  the  total  charge  of  one  of  the  small 
furnaces.  In  the  roof  there  were  four  charging-holes^  usually 
closed.  Payen  also  represents  another  furnace^  employed  in  France 
and  Germany  until  a  recent  period;  fig.  165  gives  a  vertical 
longitudinal  section^  fig.  166  a  plan^  fig.  167  a  cross  section^  on  a 
scale  of  1  to  100. 

A  is  the  fire-door ;  A',  the  ash-pit ;  A",  the  grate ;  B,  the  fire- 
bridge ;  C^  interior  of  the  furnace^  the  bed  of  which  is  dished  about 
5  inches  deep ;  DDD  are  lateral  working-doors ;  IV IV^  the  same 
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on  the  opposite  side,  for  serving  those  parts  of  the  ftimace  not 
reached  by  the  tools  from  the  other  doors ;  E  E,  charging-holes  in 
the  roof,  protected  by  caat-iron  lining ;  F  G,  saore-holea  for  con- 
veying the  fire-gasea  into  the  flues  C  G',  through  which  the  waste 
heat  can  be  utilized  for  boiling-down  pans  4c. ;  H,  the  roof 
of  the  furnace,  on  which  the  mixture  is  spread  and  warmed  for 
some  hours  previously  to  being  tipped  through  the  openings  E  E 
into  the  furnace. 

Payen  states  the  following  details  of  work  in  these  furnaces.  On 
the  average  each  charge  consists  of  935  kilog.  sulphate,  986  chalk, 
480  small  coal,  and  145  mother  salts  from  refining.  The  fiiel  for 
24  hours  amounts  to  2800  kilog.  coal.     The  labour  is  done  by  6 
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fdmacemen  and  6  assistants^  who  take  their  turns  in  three  shifts  of 
8  hours  each.  30  minutes  are  reckoned  for  charging  and  spreading 
the  batch ;  30^  35,  and  20  minutes  for  the  first,  second,  and  third 
turning-over ;  20  minutes  for  the  last  raking  through  and  pulling 
out  the  batch.  The  whole  labour  takes  135  minutes ;  the  pauses 
for  resting  between,  105  minutes ;  the  total  time  for  a  batch,  240 
minutes =4  hours.  In  24  hours  6  batches  of  1525  kilog.  each^ 
together  9150  kilog.  of  black  ash  are  made,  testing  38°  Decroiz. 

These  large  furnaces,  which  formerly  were  much  more  frequently 
foxmd  on  the  Continent  than  now,  have  considerable  drawbacks, 
which  have  caused  their  almost  total  abolition  in  Germany,  and 
their  partial  abandonment  in  France,  in  favour  of  the  smaUer 
English  ball-fumaces.  The  only  advantage  attached  to  the  large 
furnaces,  a  saving  in  fuel,  is  now  attained  with  the  smaller  furnaces 
in  a  rational  way  by  employing  the  waste  heat  for  evaporating  the 
lye,  heating  water,  &c.  In  the  large  furnaces  it  is  actually  impos- 
sible to  heat  the  bed  any  thing  like  uniformly  all  over ;  the  batch 
will  therefore  in  some  places  be  finished  and  get  burnt  whilst  in 
other  places  the  reaction  is  still  far  behind.  Nor  can  such  very 
large  charges  be  worked  through  evenly  and  ultimately  fluxed  to  a 
homogeneous  mass^  at  least  not  without  heating  them  beyond  their 
proper  time.  Certainly  labour  is  not  saved:  12  men  in  24  hours 
get  through  15276  kilog.=15  tons  5  cwt.  of  materials ;  whilst  in  a 
small  English  furnace  with  a  12  hours'  shift  two  men  manage  9  tons^ 
with  an  8  hours'  shift  three  men  10  tons  2  cwt.,  in  24  hours. 

Another  description  of  furnace,  figured  in  some  treatises,  hardly 
deserves  to  be  mentioned,  viz.  that  in  which  the  flame  of  a  small 
black-ash  furnace  travels  over  another  dish-shaped  furnace-bed,  in 
which  common  salt  is  decomposed  by  sulphuric  acid,  so  that  all  the 
hydrochloric  acid  escapes  into  the  air  along  with  the  smoke  1  Such 
a  barbarous  apparatus  is  not  imaginable  in  our  times. 

Kopp  (Wurtz,  Dictionn.  ii.  p.  1578)  mentions  a  seemingly 
rational  arrangement,  in  which  the  flame  of  the  black-ash  furnace 
heated  a  sulphate-furnace  consisting  of  a  pan  and  blind  roaster; 
the  flame  first  travelled  round  the  muffle  and  at  last  underneath 
the  pan.  This  plan  has  been  given  up  again  at  the  works  where 
Kopp  had  found  it,  and  that  justly ;  for  it  belongs  to  the  number 
of  too  finely  drawn  attempts  at  saving  which  in  the  end  efiect  the 
contrary  of  the  object  they  are  intended  to  serve.  Owing  to  the 
insufficient  heat  of  the  furnaces  heated  by  the  waste  heat,  the  work 
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will  take  much  more  time  than  with  direct  firing ;  moreover  one 
furnace  perhaps  requires  a  strong  fire^  whilst  the  other  is  not  yet 
ready  for  it^  and  the  first  one  must  thus  wait  for  the  second ;  in 
shorty  ultimately  for  the  same  quantity  of  work  turned  out  more 
time^  labour^  fumace-room^  and  mostly  even  more  fuel  are  con- 
sumed than^  by  other  manufacturers  who  drive  each  apparatus  by  a 
separate  fire,  and  consequently  can  force  the  work  through.  Of 
course  these  considerations  are  not  intended  to  warn  against  uti« 
lizing  the  waste  heat  at  all,  but  against  irrational  and  exaggerated 
attempts  at  utilization. 

According  to  Knapp  (Chem.  Technol.  i.  2,  p.  416),  in  Germany 
[formerly?]  furnaces  with  three  oval  beds  occur,  the  lowest  of 
which  serves  for  finishing  the  charges,  the  two  others,  situated  at  a 
higher  level  alongside  of  each  other,  for  a  preliminary  heating ;  the 
contents  of  these  back  beds  are  alternately  pulled  down  into  the 
working-bed.  The  furnaces  combine  a  complicated  construction 
with  great  liability  to  need  repairs. 

A  furnace  patented  in  1868  by  Ferret  is  founded  upon  the  same 
principle  as  his  pyrites-burner  (Vol.  I.  p.  193) .  It  contains  several 
shelves  of  fireclay  slabs,  through  which  the  flame  travels  in  a  ser- 
pentine path  from  bottom  to  top ;  the  heat  given  out  by  the  mixing- 
coal  assists  the  work.  The  lowest  bed,  which  is  fired  directly,  is 
only  4  ft.  7  in.  wide.  A  practical  application  of  this  fomaoe  is  not 
probable ;  it  cannot  be  expected  to  stand  any  length  of  time ;  and 
its  object,  better  utilization  of  the  heat,  can  be  attained  by  employ- 
ing the  latter  for  evaporating  the  liquors. 

In  France,  and  also  in  Germany,  sometimes  large-bedded  black- 
ash  furnaces  are  found  with  one  working-door  on  the  same  long 
side  of  the  furnace  as  the  fire-door,  the  other  at  right  angles  to  it 
at  the  other  end  of  the  furnace,  opposite  the  fire-door. 

We  will  now  describe  the  English  black-ash  Jwmaces  {baU^Jnr^ 
naces),  such  as  are  now  more  and  more  found  on  the  Continent 
as  well.  On  the  whole  they  are  built  on  the  same  plan ;  they 
always  have  two  (rarely  three)  beds,  of  which  that  more  distant 
from  the  fire-bridge  is  a  little  higher  than  the  front  bed.  The 
beds  are  comparatively  very  small,  and  only  intended  for  a  charge 
of  8  cwt.,  which  is  first  put  on  the  back  bed,  afterwards  on  the 
front  or  working-bed.  Only  quite  exceptionally  are  larger  charges 
worked  in  similar  furnaces,  e.g.  14  cwt.  at  Aussig. 

The  Lancashire  furnace,  of  which  fig.  168  gives  a  perspective 
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new,  differs  from  the  Tyneside  furnace  both  in  its  larger  size  (it 
is  from  8  to  12  inches  vider  and  from  12  to  18  inches  loDger)  and  in 
its  fireplaces.  Instead  of  one  large  fireplace,  with  the  grate-bars 
runniDg  from  ude  to  side  of  the  furnace  and  charged  from  the 
front,  the  Lancashire  fiimaoe  has  two  small  fires,  with  bars  running 
the  long  way  of  the  furnace  and  charged  from  one  end.  They  are 
also  usually  lees  substantially  built  than  Tyneside  furnaces.  Even 
outwardly  this  difierence  is  noted — that  Tyneside  furnaces  are  always 
cased  in  solid  cast-iron  front  plates,  whilst  Lancashire  furnaces  are 
only  bound  by  wrought-iroo  strips  3  to  6  inches  broad  and  f  inch 
thick,  about  6  inches  apart  from  one  another ;  these  are  pressed 
against  the  brickwork  by  the  usual  uprights  and  tie-rods.  Some- 
times even  the  working-doors  are  only  protected  by  frames ;  but 
frequently  metal  plates  are  provided  for  these,  reaching  from  the 
roof  down  to  the  bottom  of  the  door,  and  held  in  their  places  by 
the  two  nearest  uprights.  The  tie-rods  of  these  are  scarcely  ever 
held  on  the  uprights  by  screws  and  nuts,  but  by  loops  and  wedges. 
Inside,  the  fire-bridges  often  have  no  bridge-plates  and  air-ehannels, 
which  are  never  dispensed  with  on  the  Tyne.  Sometimes  in  Lan- 
cashire there  is  fixed  in  the  fire  end  of  the  furnaces,  above  the  fire- 
doors,  a  cast-iron  plate  perforated  by  many  holes,  through  which  air 
is  admitted  into  the  furnace  above  the  coals.  This  is  intended  to 
bum  the  smoke  and  save  fuel,  but  often  does  the  reverse;  and 
consequently  the  holes  are  sometimea  found  plastered  up  again. 
VOL,  11.  2  c 
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The  construction  of  furnaces  usual  on  the  Tyne  is  shown  in 
figs.  169  to  174  (working-drawings^  of  a  very  good  furnace  in 
actual  work^  all  the  dimensions  being  indicated  in  metrical 
measures).  Here  at  the  same  time  the  boiling-down  pan  is 
shown^  as  it  always  accompanies  the  furnace. 

Fig.  169  is  a  sectional  plan  along  the  line  A  B  of  fig.  170^  passing 
through  the  hollow  fire-bridge^  but  showing  the  beds  and  the  pan. 
firom  the  top;  fig.  170  is  a  sectional  elevation  along  CD  of  the 
plan;  fig.  172,  one  through  the  fire,  along  EF,  looking  towards 
the  fire-bridge;  fig.  173,  one  along  G H,  also  looking  towards  the 
fire-bridge;  fig.  174,  a  section  through  the  pan,  looking  at  the 
furnace;  fig.  171,  a  front  elevation,  showing  the  firing-cave  and 
the  drainers  in  section. 

Such  a  furnace  serves  for  working  3-cwt.  charges  of  sulphate 
along  with  the  requisite  quantity  of  chalk  and  coal ;  a  "  baU  "  is 
finished  in  45  to  50  minutes  (after  having  passed  a  similar  time 
on  the  back  bed) ;  and,  with  the  necessary  pauses  for  cleaning  the 
fire,  changing  shifts,  &c.,  24  to  27  balls  are  made  daily. 

a  is  the  fireplace  with  its  grates,  consisting  of  wrought-iron  bars, 
resting  on  three  strong  bearing-bars,  set  edgewise,  so  that  there  is 
not  too  much  contact  between  them  and  the  grate.  Besides,  a  bar 
b  is  let  into  the  brickwork  lower  down,  to  serve  as  a  fulcrum  for 
the  large  pokers  with  which  the  fire  is  broken  up  and  cleared  from 
below ;  c  is  a  cave  for  facilitating  the  firing ;  this  permits  the  ash- 
pit to  be  much  lower  than  otherwise.  Such  a  '^cave-fire''  consumes 
less  fuel  than  an  ordinary  fireplace ;  perhaps,  owing  to  the  larger  size 
of  the  ash-pit,  the  supply  of  air  is  more  uniform ;  but  probably  it  is 
more  owing  to  the  greater  facility  for  minding  the  fire,  so  that  not  so 
much  unbumt  coal  is  raked  through  the  bars.  The  fireplace  must 
be  lined  with  the  best  procurable  firebricks,  which  must  also  be 
able  to  resist  mechanical  wear  and  tear  by  the  tools.  This  holds 
good  even  more  of  the  bricks  composing  the  working-beds  and  the 
surrounding  walls,  but  less  of  the  arch.  AU  of  these  must  also 
resist  the  fluxing  alkali  for  some  time,  of  course  only  for  a  limited 
period.  It  is  suflScient  if  the  fireplace-lining  lasts  for  three  months, 
the  working-bed  five  months,  and  the  arch  twelve  months.  The 
fireplace  at  the  back,  at  d,  is  stepped  backwards^  so  that  the  flame 
ranges  all  across  the  width  of  the  furnace  over  the  bridge  e.  The 
latter  must  be  most  carefully  built ;  it  is  always  very  strong,  2  feet 
6  inches  to  3  feet  3  inches  wide,  and  on  the  Tyne  always  hottow. 
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A  cast-iron  plate /^  1^  to  2  inches  thick^  reaches  right  across  the 
bridge^  half  above  and  half  below  the  level  of  the  working-bed^  and 
is  protected  by  an  air-channel  g  from  burning  or  meltings  on  the 
side  next  to  the  fireplace.  The  air-channel  is  open  at  both  ends ;  or 
if  two  furnaces  are  built  back  to  back^  it  is  provided  with  a  small 
upright  shaft  to  procure  a  constant  draught  in  it.  The  object  of  the 
bridge-plate  is  principally  to  prevent  fluxing  of  the  black  ash 
through  the  bed  and  the  lower  part  of  the  bridge ;  this  evil  is  much 
felt  in  Lancashire^  where  the  plates  are  often  wanting.  Of  course 
the  air-channel  must  always  be  kept  open :  after  some  time  it  gene- 
rally gets  filled  with  fluxed  black  ash ;  and  the  fire-bridge  must  then 
be  renewed.  If  this  be  neglected,  the  bridge-plate  will  get  burnt, 
whilst  otherwise  it  can  serve  many  times  over  again. 

h  and  i  are  the  two  furnace-beds.    The  charge  is  put  through  the 
hopper  kj  or,  if  none  is  provided,  through  the  door,  on  the  back  bed 
t,  which  is  3  inches  higher  than  the  front  bed ;  from  this  it  passes 
onto  the  front  or  proper  working-bed  A,  and  is  drawn  out  through 
its  door.     Three-bedded  furnaces  are  but  rarely  met  with.     The 
beds  are  made  in  this  way : — First  the  base  of  the  furnace  is  walled 
up  with  common  bricks  to  12  inches  below  the  level  of  the  working- 
bed,  or  an  18-inch  wall  is  made  all  round,  the  inner  space  filled  up 
with  broken  bricks,  and  the  whole  paved  on  the  top.      Upon  this 
foundation  a  firebrick  wall,  9  inches  thick,  is  made  round  the  sides 
of  the  future  beds  and  carried  up  to  the  abutment  of  the  arch ;  this 
wall  follows  the  outlines  of  the  beds,  and  consequently  had  rounded 
comers  at  the  back ;  in  the  front  it  slopes  towards  the  two  doors, 
between  which  there  is  a  wedge-shaped  centrepiece  /.   Now  the  site 
of  the  bed  h  is  filled  up  3  inches  high  with  ground  fireclay  or  ground 
chalk,  and  these  are  beaten  down  hard.     Upon  this  the  bed  itself  is 
made  of  bricks  on  end — ^that  is,  9  inches  deep ;  the  bricks  are  set 
dry,  as  closely  together  as  possible,  and  are  driven  in  with  the 
mallet,  so  as  to  leave  the  closest  possible  joints.      The'  top  is 
''  grouted  ^'  with  a  thin  paste  of  ground  fireclay,  in  order  to  fiU  up 
the  crevices  between  the  stones.      For  the  back  bed,  first  three 
courses  of  common  bricks  are  put  on,  some  ground  chalk  is  put  on 
the  top ;  and  the  bed  itself  is  made  of  bricks  on  edge  (i.  e.  4^  inches 
deep),  also  wedged  in  as  tightly  as  possible  and  grouted  with  fire- 
clay.     The  drawing  clearly  indicates  how  the  joints  run,  so  that 
the  tools  shall  meet  with  the  smallest  possible  resistance. 

The  working-bed  h  slopes  about  2  inches  from  the  back  to  the 
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front  door^  in  order  to  facilitate  the  working  of  the  tools  and  espe- 
cially the  raking-out ;  the  bed  i  requires  very  little  or  no  slope. 
The  back  bed  lasts  a  very  long  time,  but  the  working-bed,  at  the 
best,  four  or  five  months ;  after  this  time  it  must  be  renewed,  be- 
cause too  much  stuff  gets  lost  in  it  and  because  its  inequalities  do 
not  allow  the  tools  to  work  properly.  Then  the  troublesome  and 
expensive  labour  has  to  be  undertaken  of  removing  piecemeal  the 
bricks  of  the  bed,  which  are  fluxed  along  with  black  ash  into  a  very 
hard  mass,  and  then  putting  in  a  new  bed.  In  Lancashire,  often 
only  "  false  beds  "  are  made ;  that  is,  the  space  hollowed  out  by 
wear  and  tear  is  filled  up  with  fire-bricks  whilst  the  furnace  is  at  its 
highest  heat,  the  bricks  are  levelled  with  a  rake  through  the  working- 
door  as  well  as  may  be,  a  few  shovelfuls  of  sulphate  are  thrown  in, 
and  these  are  fluxed  down  with  closed  doors.  A  false  bed  of  this 
sort  lasts  one  or  two  months. 

Last  of  all  the  arch  is  made,  9  inches  thick,  for  which  specially 
shaped  bricks  have  been  placed  previously  as  an  abutment  on  the 
top  course  of  the  surrounding  wall.  In  the  arch  a  hole  over  the 
back  bed  i  is  left  for  putting  in  the  hopper  i,  of  sheet  iron  or  very 
thin  cast  iron. 

The  furnaces  on  the  Tyne  are  cased  in  solid  cast-iron  plates,  1  to 
1^  inch  thick,  both  back  and  front,  and  tied  together  by  a  number  of 
uprights,  made  of  strong  railway-plates  or  oblong  wrought-iron  bars, 
4x3  inches  ;  at  the  bottom  these  are  let  into  the  ground  12  inches^ 
and  are  there  kept  from  turning  over  by  stones  of  a  foot  cube ;  some- 
times grooves  are  left  in  the  foundation  of  the  furnace  for  tie-rods, 
which  are  fastened  like  the  upper  ones.  Above  the  furnace  the  up- 
rights are  always  kept  together  by  tie-rods  of  1-inch  round  iron  or 
I -inch  square  iron,  usually  provided  with  a  screw-thread  on  either 
end,  which  pass  through  holes  in  the  uprights  and  are  tightened  up 
by  nuts.  The  latter  must  be  several  times  tightened  up  subse- 
quently. In  some  places  it  is  preferred  to  weld  strong  loops  to  the 
ends  of  the  tie-rods  which  pass  round  the  uprights;  the  tightening- 
up  is  done  by  driving  iron  wedges  between  the  loop  and  the  upright. 
This  skeleton  of  casing  and  binders  of  course  remains,  even  when 
the  brickwork  of  the  furnace  i^  entirely  worn  out ;  the  furnace-walls 
are  consequently  much  thinner  than  is  usual  on  the  Continent,  viz. 
15  to  at  most  18  inches.  This  certainly  causes  rather  more  heat 
to  be  lost  by  radiation ;  but  that  is  more  than  counterbalanced 
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by  the  longer  duration  of  the  furnace-lining,  which  does  not 
become  so  hot;  and  the  working  of  the  furnace  is  easier  if 
the  front  wall  is  thinner.  The  uprights  are  placed  in  such  a 
way  as  to  protect  the  parts  suffering  the  greatest  strain.  The 
casing-plates  are  in  one  piece  from  top  to  bottom ;  but  sideways 
of  course  the  casing  must  be  divided  into  several  plates,  whose 
joints  are  so  arranged  that  they  are  always  covered  by  an  upright. 
Moreover  they  are  connected  inside  by  screwed-on  patches  or  in 
some  other  way. 

In  order  to  facilitate  the  work,  a  small  cast-iron  plate  is  put  in 
front  of  the  working-door  of  A,  where  there  is  most  wear  and  tear ; 
there  are  also  supporting-rods  for  the  tools  fixed  in  front  of  both 
doors,  ending  in  loops  which  are  put  upon  hooks  bolted  to  the  two 
nearest  uprights. 

The  closing  of  the  doors  is  best  effected  by  means  of  fireclay 
slabs  surrounded  by  an  iron  frame^  and  hung  from  cast-iron 
standards  by  means  of  a  chain,  pulley,  and  balance- weight.  These 
are  indicated  in  the  elevation  at  one  of  the  doors  only ;  the  cross 
sections  show  the  doors  (fig.  171)  themselves. 

Adjoining  the  furnace,  but  separated  from  it  by  a  small  air- 
channel  *,  is  the  boHing-dovm  pan,  p,  which  everywhere  on  the  Tyne, 
and  in  many  places  elsewhere,  is  arranged  for  top  heat.  For  hand- 
furnaces  there  is  usually  only  one  pan ;  but  sometimes  even  here 
two  pans  are  found  side  by  side,  as  with  revolving  furnaces,  each 
of  which  can  be  shut  off  from  the  draught  by  a  damper  during  the 
cleaning-out.  The  pans  are  made  of  |-inch  sheet  iron,  riveted  in 
such  a  way  that  the  rivets  and  seams  are  as  little  as  possible  in  the 
way  of  the  tools  for  working  the  pan.  For  this  purpose  the  plates 
run  in  whole  lengths  from  back  to  front  (towards  the  doors),  with- 
out any  cross  seams. 

The  joints  are  either  butt  joints,  with  a  strap  at  the  bottom 
riveted  to  both  plates,  or,  in  the  more  usual  construction  of  lap 
joints,  the  plates  are  laid  so  that  the  laps  run  on  each  side  to- 
wards the  doors ;  if,  therefore,  the  rake  is  drawn  towards  a  door, 
it  slides  from  one  plate  to  the  other^  and  is  not  brought  up  by 
the  seam.  Sometimes  the  rivets  are  countersunk,  especially  in 
the  "  fishing  pans  '^  employed  in  Lancashire  for  bottom  fire ;  for 
top-fired  pans  it  is  more  usual  simply  to  place  the  round  rivet- 
heads  on  the  top  side  and  do  the  riveting  on  the  bottom  side. 
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The  sliape  of  the  pan  is  so  designed  that  its  whole  contents 
can  be  easily  drawn  out^  as  may  be  seen  in  the  plan.  Some- 
times pans  of  that  length  are  made  with  three  doors ;  bat  nsnally 
they  are  made  longer  (a  trifle  above  20  feet  for  hand-furnaces)^  and 
then  always  with  three  doors^  in  order  to  better  utilize  the  heat  and 
to  do  more  work.  Round  the  top  of  the  pans  runs  an  angle-iron^ 
turned  inside^  partly  for  stifiening  it^  and  partly  as  an  abutment 
for  the  arch.  But  as  it  is  hardly  strong  enough  for  this  pur- 
pose^ frequently  a  special  angle-bar  r  (figs.  171  &  174)  is  put  on^ 
which  permits  the  arch  to  be  made  9  inches  thick  instead  of 
4^  inches.  In  the  comers,  where  the  shape  of  the  pan  would  cause 
an  inconvenience^  the  wall  is  carried  up  to  the  top  of  the  pan ;  the 
angle-bar  is  put  on  the  top ;  and  the  arch  is  also  sprung  here  of  the 
same  width  as  over  the  principal  part  of  the  pan. 

Fig.  170  shows  how  the  arch  slopes  down  from  the  furnace 
towards  the  pan  \  sometimes  the  sides  of  the  latter  are  shaped  to 
suit  this  slope.  This  slope  of  the  arch  cannot  be  easily  ayoided, 
because  on  the  one  hand  the  pan-roof  must  be  near  the  surface  of  the 
liquid  so  as  to  draw  down  the  flame,  for  which  reason  the  arch  is 
sprung  directly  from  one  top  edge  of  the  pan  to  the  other ;  but  on 
the  other  hand  there  should  be  a  sufficiently  wide  opening  both  for 
the  flame  to  enter  the  space  above  the  pan  and  for  the  fireclay  slabs 
0,  which  form  the  bottom  of  the  snore-hole  and  at  the  same  time 
cover  the  air-channel  9  between  furnace  and  pan,  to  project  some 
way  into  the  latter.  This  is  done  to  protect  the  front  end  of  the 
pan  from  burning  and  warping,  to  which  it  would  be  very  much 
exposed  i£  it  were  not  cooled  by  the  air-course  and  its  top  covered 
by  the  slabs  o.  Similar  air-courses  are  left  between  the  brick 
comers  and  the  pan^  sometimes  even  at  the.  back  end,  although  this 
is  the  coolest ;  the  remainder  of  the  pan-sides  is  in  any  case  open 
to  the  air  outside.  In  order  to  carry  the  slabs  o  more  safely,  some- 
times a  cast-iron  saddle  is  put  upon  the  pan-edge.  The  flue  t  is 
provided  with  a  Vertical  or  horizontal  damper^  and  either  leads 
directly  into  the  main  flue,  or  it  is  carried  so  as  to  make  use  of  the 
remaining  heat' of  the  gases,  which  certainly  must  never  interfere 
with  the  draught.  This  can  be  done  in  several  ways;  and  we 
shall  have  more  than  one  occasion  to  point  out  the  waste  heat  of 
the  black-ash  furnaces  as  a  source  of  heating  other  apparatus. 

The  pan  rests  upon  pillars,  q  g,  not  quite  going  from  side  to  side, 
so  as  to  leave  a  free  passage  in  the  centre ;  they  should  leave  the 
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seams  accessible.  Thns  any  leaks  can  be  discovered  and  repaired 
bj  caulking  without  disturbing  the  working  of  the  pan;  moreover 
the  pan-bottom  is  kept  cooler  in  this  way.  It  is  well  to  cover  the 
floor  underneath  the  pan  and  the  drainer  with  a  layer  of  cement, 
and  give  this  a  little  slope  towards  a  catch -well  in  case  of  leakage. 
Such  cases,  however,  ought  not  to  occur  at  all  if  the  pan  is  properly 
riveted  and  fixed. 

In  order  to  discharge  the  pan  its  front  wall  is  interrupted  in  two 
or  more  places,  ajid  bent  outwards  for  about  6  inches.  The  pan- 
bottom  is  continued  into  the  necks  formed  in  this  way ;  the  angle- 
iron  connecting  it  with  the  pan-sides  also  turns  round  these 
comers,  as  seen  in  the  plan  fig.  169,  whilst  the  upper  angle-iron 
is  interrupted  in  these  places.  Another  angle-iron  is  riveted  all 
round  the  openings  formed  in  this  way,  as  shown  most  clearly  at 
li  in  the  elevation  fig.  171.  Against  this  leans  the  door  u  of  ^-inch 
boiler-plate,  without  which  the  whole  contents  of  the  pan  (which 
is  sloped  a  little  forward)  would  run  out  of  the  openings  (door- 
firames).  The  doors  are  made  fast  in  the  following  way: — ^The 
door-frame  on  each  side  has  a  slot  (fig.  171,  ii)  through  which 
bolts  are  put,  each  ending  in  front  in  a  long  loop.  Through  these 
loops  a  strong  cross  bar  is  put,  strengthened  in  the  centre  and 
perforated  by  a  screw-hole ;  through  this  passes  a  strong  (2-inch) 
bolt  upon  which  a  corresponding  worm  is  cut,  and  which  in  front 
is  turned  by  a  handle.  Thus  the  door  u  is  pressed  against  the 
frame ;  and  lest  it  should  suffer  in  the  place  where  the  bolt  acts, 
it  is  strengthened  there.  It  also  carries  one  or  two  handles.  The 
doors  are  not  carried  up  to  the  full  height  of  the  pan ;  so  that  it  is 
possible  to  work  in  the  latter  and  observe  its  interior;  in  the 
meantime  the  loose  cover  %f  (fig.  174)  of  sheet  iron,  with  a  handle, 
prevents  the  cold  air  from  entering.  Before  putting  on  a  door, 
its  edge,  where  it  will  be  in  contact  with  the  frame,  is  plastered 
with  a  thick  paste  of  clay  or  lime-putty,  most  of  which  is  forced 
out  on  turning  the  screw ;  the  portion  remaining  in  makes  the 
joint  good.  Any  small  leakage  does  not  much  harm,  as  the  liquor 
is  caught  in  the  drainer. 

Figs.  175  to  177  show  a  somewhat  different  kind  of  door,  which 
may  be  of  cast  iron ;  fig.  176  shows  also  a  different  mode  of  sup- 
porting the  pan-arch. 

In  any  case  the  arch  must  be  bound  by  a  skeleton  of  2-incb 


Bqnare  uprighta,  kept  together  by  tie-roiJa  with  screw  ends  both 
above  and  below  the  pan. 

In  front  of  the  pan  stands  the  drainer,  v>,  mode  of  ^^inch  iron, 
which  is  seen  in  fig.  170  from  above,  in  fig.  174  in  cross  section, 
and  in  fig.  171  in  longitudinal  section.  It  baa  a  perforated  false 
bottom,  X,  consisting  of  plates  3  feet  square,  with  holes  |  to  J  inch 
wide,  resting  on  a  framework  of  angle-  and  T-bars.  The  tme 
bottom  of  the  drainer  slopes  to  one  side,  and  ends  iu  a  well  w,  in 
which  the  liquor-pump  y  stands.  The  latter  is  shown  on  a  lai^r 
scale  by  fig.  178.     It  is  made  entirely  of  iron,  cast  and  wrought; 

Fig.  176.  Fig.  177. 


the  clacks  are  ground  to  their  seats ;  and  the  turned  piston  travels 
tightly  in  the  bored-out  barrel,  since  neither  leather,  nor  hemp, 
nor  oil  is  applicable  for  the  caustic  mother  liquor.  The  pump  is 
here  drawn  only  high  enough  for  pumping  back  the  mother  liquor 
into  the  pan ;  it  may  of  course  be  made  higher,  if  necessary,  in 
order  to  keep  the  mother  liquor  by  itself 

The  vjork  in  the  black-ash  furnace  is  carried  on  in  the  following 
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manner : — ^The  mixture  is  alwajrs  first  put  on  the  back  bed  and 
levelled  to  some  extent ;  during  its  stay  there  it  is  twice  turned 
over  with  the  paddle  and  a  small  rake^  so  as  to  expose  fresh  por- 
tions to  the  action  of  the  fire.     Here  it  is  only  thoroughly  dried 
and  heated ;  but  it  would  be  difficult  to  work  it  through  properly, 
nor  would  this  do  much  good,  since  the  materials  only  begin  to 
react  upon  one  another  when  one  of  them  has  begun  to  flux.     The 
mixture  remains  on  the  back  bed  till  the  working-bed,  upon  which 
in  the  meantime  the  preceding  charge  has  been  finished,  is  ready 
to  receive  it.     This  is  not  the  case  immediately  after  the  preceding 
ball  has  been  drawn ;  but  the  fire  is  allowed  for  some  time  to  heat 
the  empty  furnace  very  thoroughly ;  then  only  the  charge  is  pushed 
over  from  the  back  bed,  through  its  working-door,  by  means  of 
the  paddle  and  rake.     Often  this  is  not  done  all  at  once,  but  about 
one  third  of  the  charge  is  left  behind  till  the  other  two  thirds  have 
become  very  hot  and  are  partially  fluxed ;  then  the  last  third  is 
pushed  over.     In  this  way  the  mixture  can  be  better  turned  over 
and  overheating  of  portions  of  it  avoided.     On  the  Tyne  this  style 
of  working  (there  called  ^'splitting  a  ball'')  is  quite  usual.     At 
the  first  pause  after  the  back  bed  is  empty,  it  is  charged  with  a 
fresh  batch,  either  from  above  by  the  hopper,  or,  in  the  absence 
of  this,  from  the  side  through  the  door.     In  the  latter  case  much 
cold  air  enters  the  furnace  during  the  charging,  and  cools  it  down 
to  some  extent.     If  there  are  two  back  beds,  the  charge  on  the 
middle  bed  is  first  moved  onto  the  front  bed,  then  that  on  the  back 
bed  onto  the  middle  bed. 

The  principal  work  of  the  ball-furnacemen  takes  place  on  the 
proper  working-bed,  the  temperature  of  which  gets  up  to  a  white 
heat ;  it  is  usually  stated  to  be  between  the  melting-heat  of  silver 
and  that  of  copper.  Ferd.  Fischer  (Deutsch.  chem.  Ges.  Ber.  ix, 
p.  1559)  made  exact  observations  of  temperature  by  means  of 
a  Siemens  electrical  pyrometer,  and  found: — 10  minutes  after 
freshly  charging,  713°  C. ;  30  minutes  later,  779°  C. ;  15  minutes 
later,  874°  C;  again  15  minutes  later,  just  before  drawing, 
932°  C.  This  refers  to  a  furnace  in  which  a  charge  of  3  cwt.  sul- 
phate is  just  finished  in  1^  hour,  whilst  in  England  this  only  takes 
from  45  to  50  minutes ;  the  temperature  here  must  be  accordingly 
higher.  Kolb  {loc.  cit.)  has  made  a  series  of  experiments  upon  the 
temperature  required  for  black-ash  making,  not  by  means  of  a 
pyrometer,  like  Fischer,  but  still  sufficiently  illustrating  the  influ- 
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enoe  of  a  rise  of  temperature;  we  shall  report  upon  ihem  later  ou^ 
when  describing  the  composition  of  ball  soda^  and  will  only  remark 
here  that  Kolb  considers  a  temperature  near  the  melting-point  of 
silver  the  most  favourable  one  for  soda-making.  We  shall  also 
refer  in  that  place  to  Hill's  observations^  according  to  which  in  the 
regular  black-ash  process  the  mdting-heat  of  sodium  sulphate  is 
not  attained. 

Shortly  after  the  mixture  has  been  exposed  to  the  intense  heat 
of  the  working-bed^  it  alters  its  nature  by  softening  at  the  surface. 
First  of  all  the  sulphate  on  the  top^  where  it  is  touched  by  the 
flame^  softens^  and  small  clots  are  formed ;  so  far  as  it  is  converted 
into  sulphide^  it  fuses  completely.  Now  begins  the  proper  work 
of  the  fumaceman.  He  must  with  his  tools  (at  this  stage  he 
works  only  with  his  "  paddle  '^  or  '^  slice '')  turn  over  the  mass  so 
that  no  large  lumps  of  sulphate^  coke^  &c.  shall  be  formed^  but  the 
fused  mass  constantly  brought  into  contact  with  unfused  materials^ 
especially  sodium  sulphide  with  calcium  carbonate.  Further^  he 
must  gradually  raise  all  portions  of  the  charge  to  the  requisite 
temperature^  which  is  done  by  moving  with  his  paddle  the  upper 
portions  towards  the  bottom  and  fetching  up  the  portions  lying 
first  on  the  bed.  The  former^  once  soft^  remain  so  on  the  bed  as 
well^  whilst  the  latter^  now  directly  touched  by  the  fire^  attain  the 
temperature  required  for  their  partial  fusion. 

During  this  work^  of  course  the  door  must  be  open^  which  causes 
a  large  but  unavoidable  loss  of  heat ;  for  this  reason^  though  more 
especially  because  the  labour  is  too  heavy  to  be  carried  on  unin- 
terruptedly^ the  fumaceman  only  works  a  few  minutes  at  a  time 
in  the  furnace^  and  then  leaves  it  about  10  minutes  to  itself  with 
closed  doors;  it  gets  up  its  heat  again  during  this  interval.  A 
second  and  third  turnings-over  with  the  paddle  follow  the  first; 
during  the  two  latter^  if  the  ball  has  been  '^  split/'  the  remainder 
of  the  mixture  is  moved  down. 

In  order  to  facilitate  handling  the  large  and  heavy  tools^  there 
are  always  fixed  in  front  of  the  working-doors  either  rollers  or 
easily  movable  iron  bars ;  the  latter  have  three  or  four  projections 
on  the  top^  between  which  the  shank  of  the  tool  is  laid^  and  which 
serve  as  fulcra  for  its  lever-like  action.  The  men  like  to  put  some 
waggon-grease  upon  these  bars^  which  makes  the  tools  slide  more 
easily  upon  them.  The  latter  must  be  5  feet  longer  than  the  width 
of  the  furnace j  lest  the  men  should  have  to  approach  too  near. 
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Their  weight  is  supported  behind  by  a  hook  attached  to  a  chain 
hanging  down  from  the  rafters ;  so  that^  while  the  man  has  prin- 
cipally to  do  the  moTing  backwards  and  forwards  of  the  tool  and 
the  turning-over  of  the  stuffy  the  weight  of  the  tool  is  almost 
entirely  taken  off  him. 

On  the  Tyne  each  ball-fumaceman  has  the  following  tools  : — 
1st.  A  paddle  (called  slice  in  Lancashire)  with  a  cast-iron  head 
(fig.  180) ;  the  shank  is  12  feet  long  exclusive  of  the  handle ;  its 


Fig.  179. 


Fig.  180. 


jl2-mni. 

ir 


front  part  (uext  to  the  head)  is^  for  the  length  of  a  yard,  made  of 
l|-inch^  the  remainder  of  1^-inch  round  iron.  2nd.  Two  paddles 
with  wrought-iron  heads,  otherwise  like  No.  1 :  these  are  more 
easily  handled,  but  do  not  last  so  long  in  the  fluxed  mixture. 
3rd.  A  rake  with  cast-iron  head  (fig.  179),  shank  as  above.  4th. 
A  light  rake  with  wrought-iron  head  of  11  inches  width  and 
4  inches  high ;  its  shank  is  of  only  |-inch  round  iron.  Besides, 
for  firing,  a  rake  with  a  shank  8  feet  long  and  |  inch  thick ;  a 
poker  9  feet  long,  2  inches  thick,  flattened  at  the  end  like  a  crow- 
bar, for  breaking  up  the  scars;  a  scar-hook  with  a  shank  like  that 
of  the  rake ;  and  a  shovel. 

The  chemical  action  of  the  constituents  of  the  soda  mixture 
upon  one  another  probably  only  begins  after  the  mass  has  become 
partially  fused.    It  never  becomes  a  thin  liquid,  but  always  remains 
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pasty^  principally  because  the  lime  does  not  fase  at  all  and  the  coal 
only  cokes.  There  is  consequently  no  danger  of  the  charge  running 
out  at  the  door ;  at  the  worst  a  spadeful  of  ashes  may  be  thrown 
onto  the  door-plate.  About  half  an  hour  from  beginning  the  labour 
on  the  working-bed  the  mass  has  become  sufficiently  liquid;  and  now 
the  reaction  must  be  carried  through  in  as  short  a  time  as  possible^ 
by  assiduous  working.  The  fumaceman  therefore  exchanges  the 
paddle  for  a  rake  (because  now  the  mass  does  not  offer  so  much 
resistance)  and  continuously  turns  the  mass  over^  mixes  it  all,  and 
gradually  pulls  it  more  and  more  towards  the  door.  At  this  stage 
a  large  number  of  gas-bubbles  (of  carbon  dioxide)  escape  from  the 
mass^  which  sometimes  presents  the  appearaace  of  boiling.  In 
the  beginning  no  flame  is  seen  arising  from  the  mass ;  but  gradually 
the  latter^  after  being  rather  thin^  becomes  again  more  pasty  or  stiffs 
probably  because  the  sodium  sulphate  has  now  been  transformed 
into  the  less-fusible  carbonate^  and  the  gas-bubbles^  which  now  also 
contain  carbon  monoxide^  burst  through  with  much  more  difficulty^ 
owing  to  the  toughness  of  the  mass.  This  is  the  cause  of  continu- 
ous small  jets  of  flame  issuing  from  the  places  once  opened  by  the 
rents  in  the  surface  of  the  batch — which  are  probably  burning  carbon 
monoxide^  though  coloured  intensely  yellow  by  the  soda  contained 
in  the  charge.  We  shall  see  later  on,  when  speaking  of  the  theory 
of  the  process^  that  carbon  monoxide  alone  now  appears,  whilst  the 
gas  evolved  previously  was  exclusively  carbon  dioxide,  and  thus 
could  not  produce  a  flame.  These  long  pointed  flames  in  Lanca- 
shire are  known  by  the  very  appropriate  name  of  '^  candles ;  '^  on 
the  Tyne  they  are  called  '^pipes.^'  Their  appearance  in  large 
numbers,  combined  with  the  fact  of  the  mass  getting  stiffer,  shows 
that  the  moment  has  come  when  the  ball  must  be  drawn  out  with- 
out any  further  delay.  It  would  be  quite  wrong  to  wait  till  the 
appearance  of  the  candles  begins  to  cecLse,  as  some  treatises  direct. 
Scheurer-Kestner^s  explanation  quite  agrees  with  the  opinion 
stated  here  (see  Chapter  VI.) . 

As  duriug  the  last  ten  minutes  the  fumaceman  cannot  at  all  get 
away  from  the  furnace,  but  must  constantly  work  his  rake  in  it, 
either  he  must  previously  run  the  bogie  for  receiving  the  ball  to 
the  furnace-door,  and  place  it  just  underneath  its  ledge,  or  an 
assistant  must  do  it  for  him.  Usually  the  fumaceman  has  just 
before  exchanged  his  hot  rake  for  a  cold  one,  and  has  greased  both 
the  shank  of  the  latter  and  the  bearing-rod ;  he  now,  whilst  again 
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assiduously  working  the  pasty  mass  through,  pulls  it  into  the 
bogie.  If  the  operation  has  been  a  good  one,  if,  therefore,  the 
mass  is  stiff  and  not  yet  overheated,  it  will  swell  up  greatly  by  the 
evolution  of  gas,  similarly  to  a  fermenting  loaf  of  bread,  and  a  lai^ 
number  of  those  pointed  yellow  flames  will  issue  from  it.  If,  ac- 
cording to  the  prescription  given  in  some  books,  the  drawing  were 
delayed  till  the  flame  reaction  is  nearly  finished,  a  burnt  red  ball 
would  be  got.  On  the  contrary,  if  the  ball  has  been  fired  too 
little,  usually  owing  to  insufficient  heat  in  the  furnace,  it  always 
remains  too  thin  or  "soft/^  and  this  state  is  equally  disadvanta- 
geous, because  there  is  then  much  undecomposed  sulphate  in  the 
mass.  Pechiney  has  also  pointed  out  that  a  high  temperature  at 
the  finish  yields  much  better  ash  in  every  way.  The  mass  is 
stirred  up  even  in  the  bogie  with  a  small  rake.  At  Aussig  (where 
in  24  hours  23  balls  of  the  unusually  large  size  of  5  cwt.  of  sulphate 
are  made)  a  portion  of  the  process  is  purposely  left  to  go  on  in  the 
bogie,  by  not  merely  thoroughly  stirring  up  the  mass,  but,  accord- 
ing to  its  appearance,  adding  one  or  more  spadefuls  of  coal  and 
stirring  it  in.  Everywhere  else  also  a  considerable  portion  of  the 
reaction  takes  place  in  the  bogies  after  drawing. 

It  goes  without  saying  that  the  description  here  given  does  not 
exhaust  the  matter.  The  fumaceman  must  have  a  sort  of  intuitive 
judgment  when  a  ball  is  finished ;  two  or  three  minutes  too  much 
or  too  little  can  spoil  it,  as  well  as  too  much  or  too  little  fire,  too 
much  or  too  little  draught ;  success  consequently  depends  upon 
the  experience,  skill,  and  goodwill  of  the  fumacemen.  It  is  not  at 
all  indispensable  to  have  many  years'  experience ;  the  author  has 
met  with  instances  in  which  a  fumaceman  of  15  or  20  years' 
standing  drew  much  worse  baUs  than  an  intelligent,  willing,  and 
strong  man  who  had  only  been  placed  as  mixer  or  assistant  with  a 
fumaceman  in  order  to  learn  the  work.  Working  with  chalk 
requires  more  heat  than  with  limestone.  Consequently  men  who 
are  used  to  chalk,  mostly  "  bum ''  their  balls  the  first  time  on 
coming  to  a  factory  where  limestone  is  used ;  in  the  opposite  case 
they  do  not  work  hot  enough,  and  get  "  soft "  balls — ^that  is,  balls 
hard  when  cold,  and  not  porous  enough  for  lixiviation. 

One  of  the  most  important  matters  in  black-ash  making  is  the 
assiduous  and  thorough  turning-over  of  the  mass,— first,  in  order 
to  heat  it  uniformly ;  secondly,  to  mix  the  several  parts  as  well  as 
possible,  to  renew  their  points  of  contact,  and  to  make  the  reaction 
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complete.  That  the  results  of  the  work  are  better  with  assiduous 
turning-over  than  otherwise,  is  not  only  a  matter  of  course,  but 
has  also  been  proved  by  direct  experiments  made  by  Eolb  (/.  c.) . 
With  the  same  mixture  of  106  sulphate  (=100NagSO4),  101  chalk 
(=94CaC08),  and  53  coal  (=44C),  he  obtained  the  following 
results : — 

A.  Well-wrought  ball. 

162-2  parts  black  ash  of  42^ ;  73*8  soda  ash  of  88^  Decroiz. 
Composition  of  soda  ash — 

4' 72  NajO     J 
1-12  NajS 
206  NajS04 

B.  Badly  wrought  ball. 

1 60  parts  of  black  ash  of  42^  Decroiz. 
82  parts  of  soda  ash  of  82°  Decroiz,  consisting  of 


'i'?2  S'^n^^  =63-4  Na,CO, 


4-68  Na,S 
7-48  Na,S04 

The  turning-over  of  the  mass  has  certainly  some  unavoidable  draw- 
backs. During  the  time  the  doors  are  open  much  cold  air  gets 
into  the  furnace ;  the  furnace-beds  are  very  much  worn  out  by  the 
heavy  tools ;  the  labour  is  exceedingly  heavy,  and  can  only  be  done 
by  very  strong  men  and  with  restricted  quantities.  This  makes  the 
manufacture  very  dependent  upon  the  ball-f umacemen,  who  in  case 
of  strikes  cannot  at  once  be  replaced  by  fresh  men.  It  is  true  that 
this  labour  is  a  purely  mechanical  one,  and  by  men  with  sufficient 
bodily  strength  is  easily  learned,  as  we  have  said  before;  but  just 
this  suggests  strongly  the  idea  of  replacing  this  expensive  human 
labour  altogether  by  cheaper  and  more  reliable  mechanical  power. 
This  has  been  realized,  as  we  shall  see,  by  the  revolving  ball-far- 
naces. 

The  fumacemen  are  not  paid  by  the  day,  but  by  the  number  and 
quality  of  the  balls  drawn.  As  far  as  the  latter  is  concerned,  in 
most  cases  a  deduction  is  made  for  bad  balls ;  but  in  some  instances 


400  SODA. 

the  payment  is  r^ulated  directly  by  the  alkalimetrical  assay  of  ihe 
black  ash. 

Where  larger  batches  than  those  containing  3  cwt.  of  sulphate 
are  made^  in  the  large  French  ftimaces^  several  men  must  be  put 
to  one  furnace.  On  p.  382  we  have  given  the  details,  and  seen  that 
this  arrangement  differs,  in  every  respect  to  its  disadvantage,  finom 
the  English  work  with  small  but  frequent  batches,  even  in  regard 
to  the  consumption  of  fuel.  Instead  of  6  large  charges,  in  England 
with  two  12  hours'  shifts  24  balls,  with  three  8  hours'  shifts  27  balls 
are  made  in  twenty-four  hours.  On  the  Tyne  these  are  regularly 
made  with  3  cwt.  of  sulphate,  in  Lancashire  often  with  only  2^  cwt. ; 
but  then  a  few  more  of  them  are  turned  out. 

Instances  of  the  continental  style  of  working  are  the  following, 
seen  by  the  author  in  1878  : — 1st,  18  balls  with  5  cwt.  sulphate  ; 
2nd,  24  balls  with  3|  cwt. ;  3rd,  ?  balls  with  4  cwt.  sulphate;  4tb, 
16  balls  with  6^  cwt. ;  5th,  10  balls  with  lOf  cwt.,  of  which  half  is 
drawn  out  at  one  time.  In  each  case  "  per  24  hours  "  is  under- 
stood. 

Several  improvements  have  been  proposed  in  the  style  of  working 
the  black-ash  ftimaces.  The  first  of  these  was  Leighton's  patent 
of  April  12th,  1836,  for  heating  small  coal  and  chalk  in  a  furnace 
on  a  cast-iron  pan  lined  with  bricks,  through  which  steam  was 
introduced;  upon  this  the  sulphate  was  charged  subsequently. 
Stevenson  and  Williamson's  patent  of  Dec.  31st,  1855,  also  pre- 
scribes heating  chalk  and  coal  first,  till  some  lime  is  formed,  and 
introducing  the  sulphate  with  more  coal  afterwards.  This  process 
is  not  used  in  hand-furnaces  ;  but  it  has  been  the  means  of  making 
the  introduction  of  revolving  furnaces  possible  (see  below). 
Gaskell's  patent  of  April  12th,  1875,  on  the  contrary,  prescribes 
first  charging  the  sulphate  on  the  furnace-bed,  and,  when  it  has 
fluxed,  adding  chalk  and  coal.  This  proposal  does  not  seem  to  be 
rational ;  it  is  not  desirable  for  the  process  that  the  sulphate  should 
be  fluxed  into  lumps,  as  a  good  deal  of  it  will  thus  be  absorbed  by 
the  ftimace-bottom.  The  processes  of  Mactear  and  of  Pechiney- 
Weldon  are  intended  for  revolving  furnaces,  and  will  be  described 
with  these;  but  the  latter  process  (adding  some  fresh  sulphate  and 
limestone  dust  at  the  finish,  to  destroy  any  cyanides  and  sulphides) 
is  evidently  also  applicable  for  hand-ftimaces. 

The  draught  of  black-ash  fiimaces  must  be  carefully  regulated. 
Before  all  things  there  must  be  enough  draught — that  is,  a  sufli- 
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cieutly  high  and  wide  chimiiey  and  corresponding  flues.  This 
condition  is  not  always  fulfilled  in  smaller  works ;  but  its  neglect 
is  always  revenged  by  a  deficiency  both  in  the  quantity  and  the 
quality  of  the  work  turned  out.  On  the  other  hand,  too  much 
draught  is  equally  an  evil ;  for  the  mass  gets  too  hot,  much  coal 
is  unnecessarily  consumed,  the  black  ash  is  easily  "  burnt,"  and 
much  sulphate  ia  mechanically  carried  away  and  lost.  The  furnace- 
men  ought  never  to  be  allowed  to  alter  the  dampers  of  their  own 
accord.  Sometimes  the  working-door  is  connected  with  the  (ver- 
tically placed)  damper  in  such  a  way,  by  means  of  pulleys  and  chain, 
that  on  raising  the  former  the  latter  goes  down ;  this  lessens  the 
mechanical  carrying  away  of  sulphate  and  the  rushing  in  of  cold 
air  during  the  turning  over.  But  the  radiant  heat,  so  troublesome 
to  the  workmen,  is  even  increased  thereby. 

The  bogies  serving  for  drawing  the  balls  are  shown  in  fig.  181. 

Fig.  lei. 


They  are  made  of  J-inch  boiler-plate }  the  sides  of  the  boi  are 
joined  to  the  higher  end  by  angle-irons ;  the  front  consists  of  a 
little  npbending  of  the  bottom  plate.  This  form  of  box,  as  shown 
by  experience,  is  best  adapted  for  loosening  and  tipping  the  solidified 
balls  (by  dropping  the  front  end  of  the  bogie,  pushing  the  handles 
upwards,  and  thus  allowing  the  contents  to  fall  out) ;  if  needful, 
this  is  assisted  by  beating  with  an  iron  bar  on  the  bottom.  The 
bogies  for  3-cwt.  balls  are  3  ft.  long  and  2  ft.  10  in.  wide,  at  the 
back  I  ft.  1  in.,  and  in  front  3  inches  deep.  The  bottom  is  joined 
to  the  sides  by  strips  of  iron  riveted  to  the  latter  and  passing 
through  the  former  by  means  of  a  welded-on  screw-thread,  which 
is  fastened  below  the  bottom  by  a  nut.     The  box  thus  formed  rests 
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on  a  strong  frame^  with  which  the  handles  are  made  in  one  piece, 
of  2  X  |-inch  iron ;  this  hy  vertical  pieces  is  connected  with  a  1^-inch 
axle,  to  which  cast-iron  wheels,  14  inches  in  diameter  and  2^  inches 
broad,  are  attached.  The  axle  is  nearer  the  higher  (back)  end ;  so 
that  the  bogie  tilts  over  to  the  front,  not  to  the  back.  The  bogies 
are  too  heavy  for  pushing  (like  wheel-barrows)  ;  they  are  pulled 
by  the  fumaceman^  whose  labour  is  much  lightened  if  the  floor  is 
covered  with  metal  plates. 

The  balls  are  placed  on  edge  with  their  thinner  end  downwards, 
the  first  against  a  wall,  the  following  ones  against  the  first ;  there 
should  be  room  enough  to  store  at  least  two  (better  three  or  more) 
days'  work.  They  are  tilted  out  of  the  bogies  as  soon  as  they  have 
solidified,  usually  just  before  the  bogie  is  required  for  drawing  the 
next  charge ;  so  that  they  remain  in  it  about  three  quarters  of  an 
hour. 

The  consumption  of  fuel  far  an  ordinary  black-ask  furnace  is  very 
variously  stated.  With  the  wrought-iron  grates  usual  in  England, 
through  which  a  great  deal  of  unbumt  coal  and  cinders  is  iJways 
lost^  13  cwt.  of  good  firing-coals  per  ton  of  sulphate  is  a  very  fair 
figure  ,*  this  includes  boiling  down  all  the  liquor.  If  the  English 
works  had  as  rationally  constructed  fireplaces  as  the  majority  of  the 
continental  works,  they  would  of  course  consume  less  coal  than  even 
these,  looking  at  the  better  quality  of  their  coal.  Payen's  '  Precis ' 
(1877^  i.  p.  460)  states  the  consumption  of  coal  for  hand-furnaces 
at  540  kilog.^  for  revolvers  at  370  kilog.  per  ton  of  black  ash,  which 
correspond  to  17^  and  11|  cwt.  respectively  per  ton  of  sulphate. 
The,  figure  for  hand-furnaces  is  evidently  much  too  high.  The 
same  source  (p.  453)  states  the  consumption  of  coal  in  the  large 
furnaces  of  Clement  at  2800  kilog.  for  6  batches  of  935  kilog.  of 
sulphate  each,  t.  e.  50  per  cent,  of  the  sulphate ;  but  this  figure  is 
hardly  more  reliable  than  the  former.  More  trustworthy  is  the 
statement  of  F.  Fischer  (Deutsch.  chem.  Ges.  Ber.  ix.  p.  1559),  that 
in  a  Hanover  alkali-works  the  firing-coal  amounted  to  64  kilog. 
for  100  sulphate,  which  entirely  agrees  with  the  author's  statement 
respecting  EngUsh  works.  But  reliable  notes  taken  by  the  author 
in  1878,  both  in  Germany  and  France,  show  much  better  results. 
E.  g,  a  Bhenish  works  burns  2  tons  4  cwt.  of  Saar  coals  for  18  balls 
of  5  cwt.  of  sulphate,  including  the  evaporation  of  the  liquor — 
that  is,  not  quite  50  per  cent,  of  the  sulphate.  Another  Bhenish 
works  burns  59  per  cent,  of  the  same  coal.     A  third  German  works 


THE  BLACK-ASH  FURNACES.  408 

burns  21  to  27,  on  the  average  23  parts  of  Ruhr  coal  for  100  parts 
of  black  ash — that  is^  about  40  per  cent,  of  the  sulphate ;  the  fire- 
place is  a  kind  of  gas-producer^  which  may  lessen  the  mechanical 
loss  by  the  grates.  Statements  obtained  by  the  author  from  French 
works  were  : — 1st.  Upon  100  black  ash  at  most  66  coal  for  firing 
and  mixing  together ;  this  is  87  coal  upon  the  sulphate^  32  to  36 
of  which  are  for  mixing  and  the  remainder  for  firing.  2nd.  Upon 
100  black  ash  28  to  30  Saar  coal  for  firing  alone — ^that  is^  42  to  46 
upon  100  sulphate.  3rd.  Indirectly,  but  very  distinctly,  70  to  76 
parts  of  coal  for  firing  and  mixing  together  were  stated  as  the  con- 
sumption of  one  of  the  best  French  works.  We  must  not  omit  to 
notice  that  in  some  of  these  cases  (e.  g.  that  of  40  per  cent,  on  the 
sulphate  with  a  gas-producer)  the  heat  remaining  over  did  not 
Bufiice  for  boiling  down  all  the  liquor;  but  generally  it  does. 
Pechiney  and  Weldon  have  pointed  out  how  irrational  it  is  to 
make  a  fireplace  of  the  furnace-bed,  by  using  more  mixing-coal 
than  is  necessary,  merely  for  the  purpose  of  boiling  down  the 
liquor,  thereby  running  much  more  risk  of  burning  the  balls.  It 
is  far  more  rational  to  employ,  in  case  of  need,  an  additional  fire 
for  boiling  down. 

Revolving  Black-ash  Furnaces. 

The  fact  that  the  labour  of  black-ash  making  (balling)  is  ex- 
tremely arduous  and  that  it  is  not  always  easy  to  procure  the  requi- 
site number  of  skilled  men,  has  naturally  sometimes  occasioned 
excessive  demands  for  wages  and  sudden  strikes.  Yet  the  labour 
to  be  performed  cannot  be  called  '^  skilled  "  in  the  proper  sense ; 
all  that  is  necessary  is  to  turn  over  the  materials  thoroughly  and 
to  judge  of  the  moment  when  this  should  cease  and  the  ball  be 
drawn  out.  It  is  evident  that  the  former  and  much  heavier  part 
of  the  work,  the  turning-over  of  the  mass,  would  be  much  better 
and  more  cheaply  done  by  machinery  than  by  manual  labour ;  and 
the  only  question  (certainly  a  very  difficult  one)  is,  how  to  construct 
a  suitable  apparatus  for  that  purpose.  The  second  point,  judging 
the  proper  time  for  drawing  the  ball,  does  not  require  any  strength, 
but  an  intelligent  workman  or  foreman ;  and  by  the  fact  that  machi- 
nery turns  out  much  larger  quantities  at  the  same  time  than  hand- 
work,  the  recognition  of  the  finishing  point  is  made  easier,  and  the 
number  of  operations  is  so  much  reduced  that  a  single  man  can  look 
after  several  furnaces,  so  far  as  this  special  point  is  concerned. 

2d2 
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All  this  is  so  self-evident^  that  as  soon  as  alkali-making  had 
become  a  large  trade  in  England  endeavours  to  introduce  machi- 
nery were  made.  Already  on  Jan.  27th,  1848,  W.  W.  Pattinson 
patented  a  ball-famace  consisting  of  two  circular  beds,  through 
the  centres  of  which  passed  a  east-iron  shaft,  revolving  in  a  foot- 
step beneath.  A  circle  of  brickwork  protected  the  shaft  from 
coming  into  contact  with  the  black-ash  mixture.  The  shaft  carried 
horizontal  arms,  to  which  a  series  of  stirrers  were  attached.  A 
stream  of  water  flowed  through  the  shaft  and  arms  through  a  1-inch 
pipe  cast  into  them,  for  the  purpose  of  preventing  the  iron  from 
melting.  The  stirrers  were  very  ingeniously  arranged  so  as  to 
turn  over  the  mass  as  well  as  possible,  and  by  reversing  the  motion 
could  serve  for  discharging  the  mass.  This  principle  agrees  very 
nearly  with  that  afterwards  employed  by  Jones  and  Walsh  for  their 
mechanical  furnace.  Fattinson^s  furnace  was  tried  on  the  large 
scale,  but,  owing  to  the  rapid  wear  and  tear,  had  to  be  abandoned 
again. 

The  successful  principle,  that  of  a  cylindrical  furnace  revolving 
as  a  whole,  was  patented  by  Elliott  and  Russell  on  April  18th,  1853. 
This  furnace  was  erected  at  St.  RoUox  soon  after  its  invention ;  but 
it  turned  out  to  be  too  small  and  too  badly  constructed  to  compete 
with  manual  labour,  then  cheaper  than  at  present.  Moreover  the 
black  ash  made  in  it  was  far  too  hard,  and  could  not  be  properly 
lixiviated  even  by  means  of  hot  water.  But  Messrs.  Stevenson 
and  Williamson,  of  the  Jarrow  Chemical  Works,  South  Shields, 
took  up  the  project,  and  followed  it  out  until,  in  the  first  place, 
they  had  improved  the  construction  of  the  furnace  in  a  number  of 
details  and  brought  down  the  wear  and  tear  to  a  reasonable  limit, 
and,  secondly,  had  improved  the  style  of  working  by  the  alteration 
already  mentioned  on  p.  4D0,  which  gave  the  possibility  of  properly 
lixiviating  the  black  ash.  By  first  introducing  the  chalk  and. part 
of  the  coal  and  heating  these  for  some  time,  till  the  chalk  had  been 
partly  burnt  to  lime,  and  then  adding  the  sulphate  along  with  the 
remainder  of  the  coal  and  finishing  the  operation,  they  attained  the 
following  results.  The  quicklime  partly  remained  in  the  black  ash, 
and  was  slaked  when  it  came  into  contact  with  water,  thus  swelling- 
up  and  causing  the  hard  mass  to  burst,  so  that  the  water  could  get 
into  it  and  wash  out  the  soda.  (It  is,  however,  certain  that  later 
on,  when  the  temperature  is  lowered  by  introducing  the  sulphate, 
the  largest  portion  of  the  quicklime  at  first  formed  is  again  con- 
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verted  into  calciam  carbonate.     Just  for  this  reason  Mactear^s 
process^  to  be  described  below,  is  possibly  more  rational.) 

The  advantages  claimed  by  Stevenson  and  Williamson  for  the 
cylinder  furnace  are  as  follows  : — 

1st.  The  continual  motion  of  the  furnace  causes  its  contents  to 
become  heated  with  perfect  uniformity,  so  that  no  part  of  the 
chaise  ever  attains  an  excessive  temperature ;  and  thus  the  loss 
from  volatilization  is  much  diminished. 

2nd.  The  mixing  of  the  materials  for  the  charge  is  effected  with- 
out requiring  the  furnace  to  be  opened  for  the  introduction  of  im- 
plements, consequently  without  a  current  of  air  being  drawn  through 
the  furnace  during  such  mixing,  thus  providing  for  the  atmosphere 
of  the  furnace  being  constantly  devoid  of  free  oxygen  *. 

3rd.  From  the  much  larger  amount  of  work  accomplished  by  the 
patent  furnace  at  one  time,  a  smaller  number  of  skilled  workmen 
is  sufficient,  the  risk  of  bad  work  is  diminished,  and  a  more  com- 
plete decomposition  of  the  sulphate  is  ensured  by  the  more  perfect 
mixing. 

4th.  The  waste  of  soda  by  absorption  into  the  beds  of  the  ordi- 
nary furnaces  is  avoided ;  and  no  tools  being  used  in  the  process  of 
mixing,  the  surface  of  the  brick  lining  is  less  subject  to  injury  from 
working  than  the  bottoms  of  hand-furnaces. 

Practice  has  shown  that  the  better  mixing  indeed  causes  a  more 
complete  decomposition  of  the  sulphate  and  yields  stronger  alkali. 
Whilst  in  hand-furnaces  only  exceptionally  is  99  per  cent,  of  the 
sulphate  decomposed,  this,  and  more  than  this,  is  constantly  done 
in  revolvers.  But  the  mechanical  properties  of  the  black  ash  for  a 
long  time  prevented  the  extension  of  the  revolving  ball-furnaces, 
and  even  led  to  the  abandonment  of  some  of  those  first  erected. 
At  first  sufficient  experience  had  not  been  gained  to  hit  the  proper 
moment  for  finishing ;  the  balls  were  mostly  overheated  and  bad 
to  wash.  The  principal  fatdt,  however,  was  that  the  revolutions  of 
the  mass  in  the  cylinder  caused  the  gas  to  escape  out  of  it  too  soon, 
so  that  the  ball  did  not  come  out  porous  and  honeycombed  like 
hand-made  balls.     This  made  it  difficult  to  wash  completely,  and 

In  the  experiments  of  F.  Fischer  (Deutsch.  chem.  Ges.  Ber.  ix.  p.  1559), 
made  with  hand-fumaceS;  free  oxygen  was  always  found,  even  with  closed  doors 
ufloally  6  to  7  per  cent.,  only  once  falling  to  3*3*  per  cent.  Of  carbon  monoxide 
only  once  a  doubtful  trace  was  found  immediately  after  putting  on  a  new  fire, 
along  with  7*6  per  cent,  oxygen. 


406  SODA. 

caused  a  loss  of  soda.  The  indefatigable  endeayoars  of  Mr.  J.  C. 
Stevenson  in  the  end  overcame  all  difficulties^  both  of  the  mecha- 
nical construction  and  of  the  lixiviation  of  the  balls.  Whilst  ten 
years  ago  the  question  was  not  altogether  settled  in  favour  of 
the  cylinder  furnaces^  it  has  now  been  settled  for  some  years. 

It  is  certain  that  revolvers  do  not  only  better,  but  also  cheaper 
work  than  hand-furnaces ;  and  they  are  now  introduced  in  aU  the 
larger  alkali- works  in  Great  Britain.  On  the  Continent  at  present 
only  a  few  of  these  furnaces  have  been  built  (at  Lille,  Bouen, 
Salindres,  Mannheim,  Hruschau) .  Most  continental  makers  will 
not  introduce  them,  because  their  erection  is  very  expensive,  the 
cheaper  labour  makes  their  advantage  not  so  conspicuous  as  in 
England,  and  their  very  large  turn-out  (usually  12 J  tons  sulphate 
in  24  hours)  makes  them  unsuitable  for  works  of  smaller  dimen- 
sions. But  even  on  the  Continent  the  interest  of  the  larger  capital 
invested  will  be  more  than  paid  by  the  saving  in  labour ;  and  the 
greater  strength  of  the  alkali  remains  as  an  advantage.  It  is  true 
that  there  is  no  saving  in  fuel,  if  the  steam  required  for  the 
machinery  is  taken  into  account,  except  by  Mactear^s  process, 
which  labours  under  the  disadvantage  of  producing  a  bad-coloured 
ash. 

Leaving  aside  the  older  constructions  of  the  revolving  fiirnace, 
we  shall  only  describe  two  of  the  most  modern — viz.  one  with  an 
ordinary  fireplace,  erected  by  Messrs.  Carrick  and  Wardale  of 
Gateshead  for  a  whole  series  of  alkali- works,  and  one  with  gaseous 
fiiel,  built  by  Messrs.  R.  Daglish  and  Co.  at  St.  Helens. 

The  former  furnace  is  shown  in  figs.  182  to  185.  Fig.  182  is  a 
sectional  plan  on  the  line  CDEF  of  the  next  figure ;  fig.  183,  a  sec- 
tional elevation ;  fig.  184,  a  back  elevation  of  the  cylinder;  fig.  185, 
a  sectional  elevation  on  the  line  AB  of  fig.  183.  a  is  the  fireplace, 
•  5  ft.  wide,  7  ft.  long,  and  7  ft.  6  in.  high  from  the  grate-bearers  to 
the  abutments  of  the  roof.  Owing  to  its  large  size,  there  are  two 
fire-doors ;  the  grate  is  worked  only  from  below,  an  open  space 
being  left  for  this  (fig.  183) .  Against  the  cylinder  the  fireplace 
has  a  circular  opening  of  2  ft.  9  in.  width,  through  which  the  flame 
enters  the  furnace.  First  it  passes  through  the  "  eye ''  b  (that  is, 
a  cast-iron  ring,  strengthened  by  a  rib,  and  hung  by  means  of 
chain  and  pulleys) .  It  has  a  diameter  of  4  ft.  6  in.,  and  is  lined 
with  fire-bricks  so  that  a  clear  width  of  2  ft.  9  in.  remains.  A 
similar  opening,  d,  in  the  cylinder  corresponds  to  the  eye.     On 
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eacb  side  of  the  eye  a  space  of  1  inclL  is  left  between  it  and  tlie 
brickwork  or  the  cylinder ;  on  the  cylinder  side  this  is  necessary 
to  enable  the  same  to  revolve  without  communicating  any  jerkings 


Big.  186. 


to  the  fireplace.  Apart  from  this  it  has  been  found  that  such  an 
air-apace  is  necessary — probably  because  from  such  a  deep  fire 
much  oabumt  gas  passes  through  e,  which  requires  access  of  more 
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air  for  complete  combustion.     Moreover  a  certain  amount  of  play 
is  required,  as  the  heat  expands  the  cylinder.     The  cylinder  e 
itself  consists  of  a  shell  (barrel)  of  ^-inch  boiler-plate,  15  ft.  6  in. 
long  and  10  ft.  2  in.  in  diameter  inside.     The  seams  are  broken- 
jointed,  butted,  lapped  at  both  sides,  and  double- riveted.    The  ends 
are  specially  strengthened  by  T-irons  and  gusset-plates.    Upon  the 
barrel  strong  cast-iron  rings,//,  are  fixed  as  tire-seats,  truly  bored 
and  turned.     The  tires,  g  g,  themselves  are  made  of  one  piece  of 
cast  steel.     They  are  carefully  bored,  and  shrunk  onto  their  seats, 
and  bolted  thereto  with  turned  tapered  bolts,  and  after- 
wards turned  to  work  in  the  V  rollers  h  h.     The  latter      Fig.  188. 
are  specially  shown  in  fig.  186  on  a  larger  scale.     They 
are  made  of  cast  steel,  turned  and  bored,  or  of  chilled 
cast  iron.    Their  width  between  the  flanges  is  7  inches ; 
and  they  are  hollowed  out  in  the  centre  to  the  depth  of 
\  inch,  so  that  in  section  they  show  the  form  of  a  very 
fiat  V  (exaggerated  in  the  figure).     They  are  intended 
to  secure  that  the  cylinder  shall  run  exactly  on  the 
friction -rollers  A  A  without  any  side  motion.     Formerly, 
when  the  ordinary  or  Bomewhat  more  conical  railway-tires  were 
used,  the  furnace  on  revolving  always  moved  a  little  from  side  to 
side  till  it  was  brought  up  by  the  fiange,  thus  causing  much  incon- 
venience and  damage.     In  Lancashire  one  of  the  rollers  is  made 
with  a  double  flange,  the  other  one  quite  plain,  both  of  them  with 
plane  working  surfaces ;  hut  here  also  the  drawback  avoided  by  the 
V  rollers  is  experienced,  that  the  funiace  moves  sideways  till  it  is 
brought  up  by  one  of  the  flanges. 

Formerly,  as  the  tires  made  in  one  piece  and  ahrunk  on  easily 
got  loose  by  alternate  contraction  and  expansion  and  thus  sheared 
off  the  bolts,  tires  were  sometimes  made  in  segments  with  faced 
joints  running  diagonally ;  the  bolts  were  countersunk  and  passed 
through  an  oblong  hole  in  the  cast-iron  strengthening  ring  /; 
thus  there  could  be  expansion  without  shearing  off  the  bolts.  But 
this  plan  had  also  great  drawbacks  and  was  replaced  by  the  cast- 
steel  tires  shrunk  on  in  one  piece. 

The  friction- rollers  A  A  are,  similarly  to  railway-wheels,  bored 
out  in  the  centre  and  fitted  with  foiled  4i-inch  gudgeons,  mounted 
on  solid  box-shaped  double  carriages,  fitted  with  gun-metal  bear- 
ings and  bolted  to  the  bed-plates.  These  plates,  serving  for  the 
engine,  carriages,  and  gearing,  are  of  a  strong  box  girder-form,  all 
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strongly  bolted  together  and  secured  to  the  foundations  in  such  a 
manner  as  to  form  an  entire  unchangeable  bed.  The  foundations 
consist  of  very  large  blocks  of  stone  or,  still  better,  of  a  single 
bk)ck  of  cement  concrete.  Sometimes  in  lieu  of  this  a  2^ -inch- 
thick  bed  of  cast-iron  is  provided,  made  of  seyeral  pieces  kept 
together  by  a  hoop  shrunk  on  and  fixed  on  the  stone  foundation 
by  l^-inch  bolts. 

The  furnace  is  driven  by  a  vertical  engine  with  cylinder  of  12  J 
inches  diameter  and  14  inches  stroke :  it  has  double  gearing ;  so 
that,  by  merely  turning  a  lever,  one  revolution  in  four  .minutes  or 
five  revolutions  per  minute  can  be  produced ;  another  lever-handle 
gives  instantaneous  reversal  of  the  motion.  Usually  the  highest 
velocity  does  not  exceed  one  revolution  per  minute.  All  the 
handles  are  within  easy  reach  of  a  platform  k  (fig.  184),  placed  at 
the  back  end  /  of  the  furnace.  The  throwing  in  and  out  of  gear 
is  done  by  a  lai^e  friction-clutch,  worked  by  a  hand-wheel  and 
screw.  Each  furnace  must  have  its  own  engine,  because  otherwise 
its  motions  will  not  be  sufiiciently  under  control. 

The  gearing  acts  upon  a  spur-wheel  m  laid  round  the  barrel  of 
the  furnace  and  bolted  to  it  immovably.  (It  is  usually  cast  in  one 
piece  now.)  The  quick  motion  is  obtained  direct  from  the  crank 
by  a  shaft  bearing  a  worm  which  works  in  the  spur-wheel ;  the 
slow  motion  is  obtained  by  moving  the  friction-clutch  so  that  the 
reducing  gearing  enters  between  the  main  shaft  and  the  spur- 
wheel. 

The  cylinder  is  lined  inside  with  the  best  fire-bricks ;  the  lining 
in  the  centre  is  9  inches,  but  at  the  ends  1  foot  6  inches ;  so  that 
the  interior  of  the  furnace  is  barrel-shaped.  This  an-angement  is 
made  lest,  on  emptying,  any  part  of  the  black  ash  should  remain 
in  the  comers  instead  of  running  out  of  the  man-hole.  There  are 
two  horizontal  rows  of  fireclay  lumps  in  the  lining,  projecting 
13  inches  above  the  lining  in  the  centre,  9  inches  at  the  ends ; 
these  are  called  ''breakers.^'  The  charge  on  revolving  is  con- 
stantly pushed  against  these  breakers  and  thoroughly  mixed  there- 
by ;  and  every  part  of  it  is  exposed  to  the  action  of  the  fire^  as  the 
breakers  drop  it  in  the  form  of  a  cascade. 

The  man-hole  has  a  diameter  of  1  foot  6  inches,  and  is  closed 
by  an  iron  lid,  which  is  sufiiciently  fastened  by  one  or  two  wedges ; 
these  can  be  knocked  off  from  the  top  when  the  furnace  has  to  be 
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emptied ;  and  the  lid,  previously  hung  by  its  handle  with  a  chain^ 
can  then  be  lifted  off. 

Opposite  to  the  entrance  of  the  flame  is  the  exit-opening  I,  of 
equal  size  with  d  (fig.  182).  It  communicates^  but  without  an 
''  eye/'  with  the  dust-chamber  m  (an  apparatus  which  the  strong 
draught  of  these  furnaces  renders  indispensable)^  made  wide 
enough  to  accommodate  the  two  parallel  boiling-down  pans  n  and 
n'.  The  dust-chamber  is  about  6  feet  long ;  its  width  next  to  the 
furnace  is  also  6  feet^  that  next  to  the  pans  17  feet  6  inches  (inside) ; 
its  height  is  11  feet  at  the  furnace  end  and  7  feet  6  inches  at  the 
pan  end.  On  the  top  it  is  covered  by  an  arch  sloping  to  the  pans ; 
its  sides  are  kept  together  by  a  metal  casings  binders^  and  tie- 
rods. 

The  boiling-doum  pans  are  each  28  feet  long,  8  feet  wide,  and 
2  feet  9  inches  deep  at  the  front  side,  2  feet  at  the  back  side. 
Their  bottom  is  therefore  inclined  forward,  so  as  to  get  out  the 
salt  more  easily.  They  have  five  working-doors  each.  The  arch 
over  them  is  carried  by  a  special  casting,  pp.  At  the  back  end  the 
fire  goes  through  two  flues,  gg,  with  dampers,  into  the  chimney. 
As  these  furnaces  require  much  draught,  each  two  of  them  have 
usually  a  chimney  6  feet  in  diameter  and  100  feet  high  to  them- 
selves. Hill  (Chem.  News,  xxx.  p.  35)  asserts  that  the  tempera- 
ture in  the  revolving  furnaces  is  not  so  high  as  in  hand-furnaces ; 
but  this  can  only  refer  to  the  temperature  of  the  mass^  not  to  that 
of  the  ftimace  itself. 

Sometimes  there  is  an  open  pan  placed  on  the  pan-arch  for  a 
first  heating  of  the  liquor,  from  which  the  proper  pans  o  o'  are 
fed. 

Frequently  the  boiling-down  pans  are  divided  by  a  partition,  r, 
into  two  unequal  compartments — the  larger  one  serving  to  evapo- 
rate fresh  tank-liquor,  the  smaller  one  for  the  mother  liquor 
pumped  up  from  the  drainer.  By  this  division  very  strong  ash 
(up  to  57  per  cent.)  can  be  got  out  of  the  front  drainer ;  the  back 
drainer  usually  yields  50  to  52  per  cent.  ash.  (Some  of  the  most 
careful  makers  draw  the  whole  of  their  ash  from  revolvers  at  56  to 
57  per  cent.  Na^O,  Liverpool  test.) 

In  front  of  the  pans  are  the  drainers^  o  o,  of  the  same  length  as 
the  pans,  5  feet  vride,  2  feet  deep  down  to  the  perforated  false 
bottom,  and  below  this  at  one  end  6  inches,  at  the  other  14  inches 
deep ;  the  space  below  is  in  communication  with  a  steam-pump,  s, 
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which  pumps  the  liquor  drained  off  back  again  into  the  boiling- 
down  pan.  K  the  latter  is  divided  into  two  compartments^  the 
drainers  must  be  divided  in  like  manner^  so  as  to  keep  the  strong 
and  the  weak  salt  apart. 

Above  the  revolvers  runs  a  railway,  carried  on  bearers^  which 
rest  on  brackets  belonging  to  the  pillars  of  the  main  buildings  as 
shown  in  fig.  184.  On  this  the  iron  waggons  t  are  run,  which 
contain  the  charge  and,  through  a  temporarily  put-on  hopper,  tip 
it  into  the  man-hole  of  the  cylinder.  The  waggons  are  generally 
charged  by  a  special  elevator,  unless  differences  of  level  permit 
dispensing  with  this.  In  order  to  place  all  this  apparatus,  the 
building  must  be*  30  feet  high  from  the  ground  to  the  roof- 
frames. 

A  smaller  railway  runs  underneath  each  cylinder,  at  right  angles 
to  its  axis ;  on  this  stand  the  discharging  *'  pots  ^^  in  a  continuous 
row,  connected  with  each  other  by  couplings ;  when  the  cylinder  is 
emptying,  they  are  filled  one  after  the  other,  by  slowly  drawing 
them  away  from  imdemeath  the  furnace  by  means  of  a  chain 
passing  round  a  capstan.  These  waggons  or  "  pots  '^  are  built  in 
such  a  way  that  their  upper  edges  touch,  as  shown  in  figs.  187  and 
188,  lest  any  black  ash  should  be  lost  between  them.  About 
twelve  of  these  are  required  for  each  furnace.  They  are  3  ft.  3  in. 
broad  and  2  ft.  3  in.  long  at  the  bottom,  and  4  ft.  3  in.  broad  and 
3  ft.  3  in.  long  at  the  top,  and  9  in.  deep ;  so  that  they  yield  a  ball 
of  this  thickness. 

A  revolving  furnace  heated  by  gas,  as  erected  by  Messrs.  R. 
Daglish  &  Co.  at  the  British  Alkali-works  at  Widnes,  is  shown  in 
figs.  189  to  191.  Here  the  cylinder  has  a  diameter  of  9  feet  and 
a  length  of  16  feet.  It  is  driven  by  an  eight-horse-power  engine, 
so  that  either  one  revolution  in  twenty  minutes  or  in  one  minute 
can  be  made.  It  is  heated  by  gas  from  a  Siemens  gas-producer. 
A  A,  the  gas-flue ;  B  B,  the  inlet- valve ;  C  C,  the  combustion-space ; 
D  D,  the  inlet  for  previously-heated  air ;  E,  the  expansion-ring  (the 
"eye'^);  FF,  the  cylinder  furnace  itself;  G,  its  manhole-door; 
1 1,  the  friction-rollers ;  H  H,  the  tires ;  J  J,  the  foundation-girders 
seated  on  strong  bed-plates  K  K ;  L  L,  the  discharging- pots ;  M  M, 
the  steam-engine  turning  the  cylinder  and  moving  the  pots  L  L 
(the  latter  is  usually  done  by  a  hand- worked  capstan) ;  N  N,  the 
channel  through  which  the  air,  heated  by  the  waste  fire  of  the 
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furnace,  enters  the  combustion-space ;  O  O,  the  cast-iron  heating- 
apparatus  for  the  same. 

Heating  by  gas  in  the  way  sketched  here  has  not  been  found 
economical,  and  has  been  abandoned ;  but  this  most  certainly  is 
not  the  fault  of  the  principle  of  gas-heating,  but  that  of  the  special 
arrangement.  This  is  best  proved  by  the  fact  that  sometimes  the 
necessary  heat  could  not  be  obtained  (Weldon,  Chem.  News, 
xxxviii.  p.  137),  which  with  a  rational  gas  firing-apparatus  most 
assuredly  could  not  have  happened. 

Whilst  the  two  descriptions  of  furnace  according  to  the  ordinary 
process  only  work  up  from  15  to  18  tons  sulphate  per  24  hours) 
Mactear  has  erected  at  St.  Rollox  and  Hebbum  much  larger  fur- 
naces, by  which,  with  the  assistance  of  his  new  system  of  working, 
50  tons  of  sulphate  can  be  worked  in  24  hours.  In  these  furnaces 
the  iron  shell  itself  is  built  of  a  barrel-shape ;  so  that  the  lining 
only  follows  its  outlines.  They  are  18  feet  6  inches  long,  12  feet 
6  inches  in  diameter  in  the  centre,  8  feet  6  inches  at  the  ends ;  the 
fireplace  is  18  feet  long  x  8  feet  wide,  and  has  three  fire-doors.  The 
boiling-down  pan  is  60  feet  long.  Each  charge  contains  4  tons  of 
sulphate,  and  is  finished  in  2  hours. 

A  patent  of  Riley^s  (1878)  introduces  fireplaces  at  the  two  oppo- 
site ends ;  the  exit  is  in  the  centre ;  and  there  is  an  arrangement 
for  mechanically  turning  over  the  materials. 

The  method  of  working  the  revolvers,  formerly  universally,  and 
now  still  usually  employed,  is  the  following.  First  all  the  chalk  and 
two  thirds  of  the  coal  are  introduced,  the  chalk  in  lumps  as  it  comes 
from  the  ships :  the  great  heat  to  which  they  are  exposed  causes^ 
within  a  few  minutes,  the  moisture  contained  in  them  to  evaporate 
with  explosive  force,  and  thus  pulverizes  the  chalk  much  more 
cheaply  than  by  grinding.  The  cylinder  is  then  turned  round  with 
slow  motion  till  a  portion  of  the  chalk  has  been  burnt  to  lime,  which 
is  known  by  the  appearance  of  a  bluish  flame  of  carbon  monoxide 
round  the  man-hole,  or  at  least  by  an  admixture  of  blue  in  the 
yellow  flame.  The  exact  observation  of  this  operation  of  "  liming  '* 
is  very  essential,  and  requires  some  experience.  Usually  it  is 
finished  in  from  1  to  1^  hour.  This  operation  should  not  go  any 
further  than  is  necessary  for  getting  sufficient  quickUme  to  burst 
the  balls  in  slaking ;  otherwise  much  caustic  soda  will  be  formed, 
and  sodium  sulphide  will  remain,  which  is  not  decomposed  by 
caustic  lime. 
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As  soon  as  the  proper  point  has  been  attained^  the  cylinder  is 
placed  with  its  man-hole  upwards^  and  the  snlphate  (which  must 
be  of  a  fine  grain  and  if  necessary  specially  crushed  to  ensure  this)^ 
along  with  the  remainder  of  the  coal^  is  dropped  in.  The  slow  rota- 
tion is  still  continued;  and  the  damper  is  let  down  for  about 
ten  minutes^  lest  too  much  sulphate  should  be  carried  away.   About 

25  or  30  minutes  after  charging  the  sulphate^  its  fusion  (?)  is  indi- 
cated by  the  appearance  of  a  bright  yellow  flame  round  the  working- 
door.  Now  the  slow  movement  is  at  once  changed  into  the  quick 
onCj  and  i)y  means  of  a  peep-hole  in  the  pan-arch  or  the  dust- 
chamber  the  process  within  the  cylinder  is  observed,  sometimes^  to 
save  the  eyes^  by  means  of  blue  glasses.  It  is  noticed  how  the 
mass  gradually  becomes  more  and  more  glowing  and  passes  from 
lumps  into  a  pasty  state ;  at  last  bright  yellow  flames  break  away 
from  it,  especially  from  those  portions  which  hang  on  the  breakers; 
this  is  a  sign  of  finishing.  The  operation  usually  lasts  with  lime- 
stone 1:^  hour  for  liming  and  I  hour  for  the  work  with  the  sulphate, 
together  2 J  hours ;  with  chalk,  1^  hour  for  liming  and  |  to  1  hour 
for  finishing,  i.  e.  2^  to  2^  hours.  In  24  hours  ten  batches  are 
made.  Newall  (patent,  Nov.  Ist,  1877)  heats  the  calcium  carbonate 
in  a  separate  furnace,  but  not  up  to  the  point  of  losing  carbonic 
acid,  and  then  charges  the  mixture  all  at  once  into  the  revolver 
— thus,  like  Mactear,  dispensing  with  the  '^  liming." 

When  the  batch  is  finished,  the  furnace  is  turned  round  several 
times  very  quickly,  so  as  to  well  agglomerate  the  mass  and  detach 
it  from  the  sides ;  it  is  then  placed  with  the  man-hole  upwards ;  the 
door  is  taken  ofl^,  and  the  furnace  slowly  turned  downwards,  so  that 
the  black  ash  flows  out  and  is  taken  up  by  the  series  of  pots  beneath, 
which  are  slowly  drawn  away.  Mostly  in  this  way  nine  pots  are 
filled  ;  then  the  furnace  is  once  more  turned  round  quickly,  where* 
upon  some  more  black  ash  is  detached  and  fills  another  two  or  three 
pots.  It  shows  in  the  pots,  if  properly  made,  exactly  the  same 
pointed  flames,  "candles"  or  "pipes,"  as  hand-made  ash, breaking 
forth  in  great  numbers  all  over  the  surface  of  the  ball. 

The  former  charge  of  the  fornaces  at  South  Shields  consisted  of 

26  cwt.  chalk  with  10^  cwt.  coals,  followed  by  24  cwt.  sulphate  and 
4^  cwt.  coals,  yielding  daily  from  18  to  19  tons  of  black  ash.  At 
Allhusen^s  the  charge  was  22  cwt.  sulphate,  26^  cwt.  chalk,  and 
12  cwt.  coals ;  in  full  work  73  tons  sulphate  could  be  decomposed 
weekly ;  bat,  reckoning  stoppages  and  repairs,  only  66  tons,  or  the 
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work  of  three  hand-furnaces^  was  actually  made.  The  consumption 
of  coals  was  the  same  for  either  kind  of  furnace^  yiz.  13  cwt.  per  ton  of 
sulphate  in  the  cylinder  furnace  inclusive  of  steam.  With  the  latter 
the  drying  and  grinding  of  chalk  was  saved^  as  well  as  Is.  per  ton  for 
labour.  Cylinder  soda  was  found  not  so  well  adapted  for  making 
crystals  as  hand-made  soda^  because  it  was  too  caustic.  (This  is 
contradicted  by  more  recent  experience;  see  below.) 

The  larger  furnaces,  like  those  described  above,  now  decompose 
30  cwt.  of  sulphate  in  each  batch,  or  15  tons  daily,  equal  to  the 
I  make  of  four  hand-fiimaces. 

The  mixture  has  also  often  been  altered  since  Mactear  showed 
that  less  limestone  was  necessary  than  was  formerly  assumed.  At 
one  large  works  now  only  80  parts  of  chalk  per  cent,  of  sulphate  is 
employed ;  but  as  no  lime  is  added  at  the  end  (which  wo*tdd  infiringe 
Mactear's  patent),  much  risk  is  run  of  either  ^^  burning  "  the  black 
ash  or  not  making  it  caustic  enough  to  burst  on  lixiviation.  At 
the  Jarrow  chemical  works  the  nmitd'e  now  (1878)  is  100  sulphate, 
90  chalk,  60  coals ;  here  also  t^puqnrs  are  not  found  as  firee  from 
sulphur  as  formerly.  Of  coal, -1^  firmg,  52  per  cent,  and,  for  steam, 
another  10  per  cent,  are  consumed. 

A  revolving  ball-furnace  for  18  tons  of  sulphate  per  diem  costs 
about  £2000,  inclusive  of  pans,  pots,  elevator,  railway,  &c.,  but  ex- 
clusive of  the  building.  It  goes  on  an  average  four  months  before 
its  lining  must  be  renewed  and  it  must  be  thoroughly  overhauled, 
which  takes  a  week.  But  the  lining  of  the  ^^  eye ''  is  very  quickly 
burnt,  and  even  with  the  best  fire-bricks  must  be  renewed  every 
three,  four,  or  five  weeks,  sometimes  more  frequently.  There  is 
therefore  always  a  second  eye  lying  ready  on  the  furnace  or  hanging 
by  a  chain,  which  can  be  substituted  for  the  worn-out  one  in  a  few 
minutes. 

The  liquors  of  properly  made  cylinder  black  ash  are  much  less 
caustic  than  those  from  hand-made  ash.  Owing  to  this  it  mostly 
does  not  pay  to  work  the  mother  liquors  draining  from  the 
*' black  salt''  for  "cream  caustic''  (compare  Chap.  XIII.) ;  but  if 
caustic  is  to  be  made  from  them  it  has  to  be  done  by  causticizing 
with  lime. 

Black  and  Hill  (in  their  patent,  1874)  attempted  to  modify  the 
revolver  process.  Instead  of  "  liming,"  they  proposed  to  charge 
all  the  materials  at  once ;  and  because  the  black  ash  thus  made 
could  not  be  lixiviated  in  the  ordinary  way,  it  was  to  be  ground  to 
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powder^  put  into  vessels  provided  with  mechanical  agitators^  and 
systematically  washed  with  hot  water^  left  to  settle^  and  decanted. 
The  advantages  expected  by  the  patentees  were  considerable ;  but 
as  they  have  not  been  realized^  and  as  this  much  more  complicated 
system  is  nowhere  carried  out^  we  need  not  describe  it  in  detail. 

An  important  improvement  was  made  in  the  working  of  revolving 
ball-fiimaces  by  Mactear  (patented  Sept.  1874) .    The  operation  of 
"  liming/'  necessary  for  the  sake  of  lixiviating  the  baUs^  requires 
much  more  time  than  simple  charging  would^  and  also  more  fuel^ 
capital^  and  labour.     Moreover  it  is  difBcult  to  observe  the  proper 
point ;  and  this  can  only  be  trusted  to  very  experienced  men.    The 
idea  of  replacing  this  operation  by  adding  some  lime  at  the  com- 
mencement had  of  course  been  carried  out  as  well^  but  unsuccess- 
fully.  Mr.  Mactear^  starting  at  the  other  end^  was  more  successful ; 
and  his  process^  worked  since  1875  at  St,  Bollox^  is  now  also  in 
operation  at  some  other  works  on  the  Tyne  and  in  Lancashire. 
Mactear  charges  sulphate^  coal,  and  limestone  all  together,  but 
takes  only  as  much  of  the  latter  as  is  required  by  theory ;  the  ope- 
ration is  continued  till  the  end  of  the  decomposition  is  indicated  by 
the  fluid  state  of  the  mass.     Now  the  cylinder  is  stopped  for  a 
moment,  and  ground  quicklime  to  the  amount  of  6  to  10  per  cent, 
on  the  weight  of  the  sulphate,  along  with  14  to  16  per  cent, 
cinders  from  the  furnace-fires,  are  thrown  in ;  the  furnace  is  quickly 
turned  round  once  or  twice,  to  mix  up  the  lime  and  cinders  with 
the  mass,  which  is  then  run  out  as  usual.     The  addition  of  quick- 
lime at  the  end  of  the  operation  gives  all  the  advantages  offered  by 
the  ^^  liming  '^  for  the  lixiviation  of  the  mass ;   moreover  the  lime 
&c.  cool  the  mass  to  some  extent,  and  prevent  it  from  being  over- 
heated during  the  last  period.    The  cinders  make  the  black  ash 
more  porous  and  easier  to  wash ;  they  are  also  to  save  some  mixing- 
coal.    By  adding  more  or  less  lime  the  soda  can  be  made  more 
or  less  caustic ;  this  is  very  important,  e.  gt,  for  crystal-making. 
The  advantages  claimed  by  Mr.  Mactear  are  as  follows  (but  only 
the  first  four,  according  to  very  trustworthy  information,  can  be 
considered  really  established  by  practical  experience) : — Ist.  As 
less  calcium  carbonate  is  employed,  a  good  deal  more  sulphate 
can  be  decomposed  in  the  same  furnace.    2nd.  As  the  liming  is 
done  away  with,  much  time  is  saved,  and  consequently  much  more 
sulphate  can  be  got  through  in  the  furnace.    3rd.  Much  limestone 
and  coal  are  saved.    4th.  There  is  30  per  cent,  less  tank-waste ; 
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and  consequently  less  insoluble  soda  is  lost.  [According  to 
Mactear^  2^  per  cent,  of  soda  is  to  be  gained  by  his  process ;  but 
evidently  this  is  greatly  in  excess  of  the  truth.  At  any  rate  there 
is  less  expense  for  getting  rid  of  the  tank-waste ;  and  its  treatment 
for  the  recoyery  of  sulphur  is  easier.]  5th.  As  the  addition  of 
quicklime  is  entirely  under  control^  less  caustic  and  sulphide  are 
found  in  the  liquors.  [This  is  distinctly  contradicted  by  most 
manufacturers ;  on  the  contrary^  it  seems  established  that  Mactear 
black  ash  yields  about  1  per  cent,  more  sodium  sulphide  than  ordi- 
nary cylinder  black  ash.]  6th.  There  is  a  higher  yield  of  soda 
ash  from  the  same  weight  of  sulphate.  [This  would  be  the  same 
as  No.  4 ;  but  it  is  thus  far  a  mere  assertion^  for  which  no  data 
have  been  given.] 

It  must  be  said  that  some  saving  of  soda  ought  to  be  expected^ 
as  in  Scheurer-Kestner^s  experiments  the  insoluble  soda  in  the 
tank-waste  increased  with  the  quantity  of  limestone  in  the  mixture^ 
which  nobody  had  ventured  to  reduce  as  much  as  Mactear ;  but 
only  experience  can  show  whether  such  a  saving  actually  takes 
place  or  not. 

A  drawback  of  Mactear^s  process^  which  is  said  to  have  caused 
some  works  to  abandon  it  again^  and  which  undoubtedly  has  pre^ 
vented  a  number  from  introducing  it^  is  this — that  the  soda  ash 
made  by  it  is  inferior  to  ordinary  revolver  ash  in  strength  and 
colour,  owing  to  the  larger  percentage  of  sulphides  in  the  liquors. 
Mactear's  mixture  is  100  sulphate,  72  to  74  limestone,  40  coal^ 
and  at  the  finish  6  to  10  lime  and  12  to  16  cinders.  The  lime 
can  hardly  play  any  chemical  part,  and  only  serves  as  a  means 
for  loosening  the  mass.  When  Mactear's  mixture  is'  compared 
with  that  usual  since  Leblanc  (100  sulphate,  100  limestone,  50  to 
60  coal),  the  large  diminution  in  the  amount  of  limestone  and 
coal  is  at  once  apparent;  and  we  shall  scq  in  the  next  chapter 
that  the  practical  success  of  Mactear's  process  entirely  explodes 
the  old  calcium-oxysulphide  theory. 

For  firing,  50  parts  coals,  and  10  more  for  steam,  per  cent,  of 
sulphate  are  required  in  Mactear's  process.  The  wages  are  Is.  per 
ton  of  sulphate. 

The  work  with  Mactear^s  process  must  be  very  carefully  super- 
intended, so  that  the  lime  and  cinders  shall  be  put  in  at  the 
exact  moment  when  the  process  in  the  furnace  is  not  quite  finished ; 
the  temperature  is  then  lowered,  both  by  the  cold  materials  put 
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in  and  by  the  immediate  emptying  of  the  mass ;  and  as  now  the 
sodium  carbonate  is  no  longer  protected  by  an  excess  of  calcium  carbo- 
nate^ a  backward  reaction  might  set  in.  The  reaction  must  be  carried 
to  completion  in  the  pots^  as  with  the  hand-furnaces.  Practically 
the  style  of  work  is  this : — First  the  furnace  is  turned  round  slowly 
till  the  sulphate  begins  to  fuse^  then  the  quick  motion  follows  till 
the  yellow  ^^  candles ''  can  be  perceived  through  the  peep-hole ;  now 
at  once  the  lime  and  cinders  are  added;  the  furnace  is  turned 
round  another  five  minutes^  and  then  run  out. 

Whilst  Mactear's  process  is  only  adapted  for  revolving  furnaces, 
and  moreover,  according  to  general  agreement,  the  drawback  of  a 
lower  quality  of  alkali  is  connected  with  it,  the  process  of  Pechiney 
of  Salindres  (patented  Dec.  24th,  1877)  and  Jan.  11th,  1878)  seems 
to  have  got  rid  of  that  drawback,  and  especially  if  combined  with 
the  proposal  of  Weldon  (patented  Jan.  11th,  1878). 

Pechiney  observed  that  if  fresh  sulphate  is  added  to  a  batch  of 
black  ash  otherwise  finished,  quickly  mixed  with  it,  and  the  ball  is 
drawn  at  once,  the  cyanogen  compounds  are  all  destroyed.  (This 
explains  why  in  the  usual  process  such  compounds  are  only  found 
towards  the  end  of  the  operation,  when  very  little  sulphate  is  left.) 
Consequently  on  lixiviation  no  sodium  ferrocyanide  can  be  formed 
by  the  iron  sulphide  always  present — which,  as  is  well  known,  can- 
not afterwards  very  well  be  removed  from  the  liquors,  is  only 
destroyed  on  calcining,  and  discolours  the  soda  ash  by  the  ferric 
oxide  which  is  formed  from  it.  In  this  way  perfectly  white  soda 
ash  can  be  made  without  the  process  of  refining,  and  that  without 
keeping  out  any  '^red  liquors.''  Even  white  soda  crystals  can 
be  made  direct  from  the  tank-liquors.  At  the  same  time,  as  the 
sulphate  ultimately  added  is  also  decomposed,  the  limestone  and 
chalk  of  the  mixture  are  much  better  utilized ;  and  in  this  respect 
also  most  of  the  improvements  claimed  by  Mactear  are  realized. 

This  process,  however,  is  not  complete  without  that  patented  by 
Weldon.  In  order  to  destroy  the  sodium  sulphide  which  is  other- 
wise always  found  in  the  tank-liquors,  and  more  so  in  Mactear's  pro- 
cess than  in  others,  and  which  leads  on  the  one  hand  to  a  loss  of 
soda  in  the  shape  of  regenerated  sulphate,  on  the  other  hand  to 
contamination  with  iron  (as  ferrosodium  sulphide),  Weldon  adds  at 
the  last  moment,  along  with  the  sulphate  of  Pechiney,  some  lime- 
stone-dust, which  decomposes  all  the  sodium  sulphide  present  into 
carbonate ;  the  tank-liquor  thus  becomes  extraordinarily  strong  and 
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pure;  and  by  directly  boiling  it  down^  without  separating  any 
mother  liquors^  white  alkali  of  the  quality  of  the  soda  made  by 
the  ammonia  process  is  obtained.  Of  course  the  destruction  of 
Na^S  by  Weldon's  process  is  not  absolute ;  but  it  would  appear  to 
be  sufficient  for  practical  purposes.  (We  shall  afterwards  describe 
Pauli's  process^  which  effects  the  destruction  of  sulphides  even 
more  completely.)  The  mixtures  for  the  Pechiney-Weldon  process 
haye  been  already  stated  on  p.  378. 

The  simplest  explanation  of  Pechiney's  process  would  be  this  : — 
The  sodium  cyanide  reduces  some  sodium  sulphate^  forming 
cyanate  and  sulphide^  thus — 

Na8S04+4NaCN=Na8S +4C0NNa; 

* 
and  the  sulphide  is  converted  into  carbonate  by  means  of  the  cal- 
cium carbonate  still  present  or  purposely  added  (according  to  Wel- 
don)^  whilst  the  cyanate  is  no  doubt  destroyed  in  dissolving  and 
boiling  down  the  liquors^  sodium  carbonate  and  ammonia  being 
formed.  Weldon  (Chem.  News,  xxxviii.  p.  178),  however^  contests 
even  the  presence  of  cyanate  in  the  black  ash  made  by  that  pro- 
cess. According  to  him  (as  communicated  to  the  author)  the  sul- 
phate is  reduced  by  the  carbon  of  the  cyanide ;  the  latter  is  thus 
completely  destroyed  and  cannot  be  brought  back  by  any  re- 
ducing agent.   This  might  be  represented  by  some  such  equation  as 

Na3S04  -h  2NaCN = Na^S  +  NasCOa  +  CO + 2N. 

Upon  the  merits  of  Pechiney's  process  there  has  been  a  discussion 
between  Weldon  and  Mactear  (Chem.  News,  xxxviii.  pp.  130, 187, 
162, 177 ;  and  a  letter  from  Mr.  Weldon,  printed  for  private  circu- 
lation), the  more  important  points  of  which  ai*ie  as  follows  : — 

Mactear  contends  that  the  formation  of  the  cyanides  can  be  pre- 
vented at  the  outset  by  working  with  a  small  proportion  of  mixing- 
coal  (down  to  29  per  cent,  of  the  sulphate)  and,  as  in  his  patent 
process,  with  only  70  per  cent,  calcium  carbonate.  Thus  the  fusing- 
point  of  the  mass  is  considerably  lowered,  and  the  decomposition 
of  the  sulphate  takes  place  at  a  much  lower  temperature  than  usual ; 
and  this  reduces  the  proportion  of  cyanide — which  is  principally 
formed  at  the  end  of  the  operation,  when  the  temperature  has  risen 
very  high. 

To  thi^  Weldon  replies  that  the  opposite  takes  place,  that  more 
cyanides  are  formed  at  lower  temperatures—of  which  he  gives  several 
instances.     If  in  spite  of  this  the  cyanides  are  only  found  at  the 
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end  of  the  operation^  when  certainly  the  temperature  is  highest^  this 
is  caused  by  the  fact  that  at  that  period  the  sulphate  is  almost  en- 
tirely decomposed^  whilst  Pechiney  has  proved  that  in  the  presence 
of  sulphates  the  cyanides  cannot  exists  or  that  they  are  destroyed 
by  adding  more  sulphate.  The  latter  is  the  only  rational  process^ 
bnt^  in  order  to  make  a  good  quality  of  alkali^  is  combined  with  a 
very  high  temperature  and  the  lowest  possible  proportion  of  mixing- 
coal.  This  the  French  manufacturers^  and  especially  Pechiney^ 
have  carried  out  long  since^  whilst  Mactear  has  only  recently  ex- 
perimented with  a  small  proportion  of  mixing-coal^  and  employs  too 
low  a  temperature. 

Mactear  contradicts  all  this.  The  cyanides  are  formed,  not 
from  the  nitrogen  of  the  mixing-coal^  but  by  the  action  of  atmo- 
spheric nitrogen  on  the  alkalized  carbon^  which  takes  place  only  at 
very  high  temperatures.  A  very  high  temperature  of  the  furnace, 
which  he  prefers  himself,  is  compatible  with  a  comparatively  low 
temperature  of  the  mass,  which  only  depends  upon  its  melting- 
point;  and  this  is  lower  in  his  process  than  in  the  others,  especi- 
ally in  the  instances  cited  by  Weldon.  Other  people  had  destroyed 
the  cyanides  before  Pechiney ;  and  they  might  be  destroyed  by  his 
(Mactear's)  process  as  well.  It  was  also  known  before  Pechiney 
that  sulphate  destroys  the  cyanides ;  the  priority  of  employing  a 
minimum  quantity  of  mixing-coal  did  not  belong,  as  far  as  Great 
Britain  was  concerned,  to  Pechiney,  but  to  himself.  Pechiney's 
white  soda  ash  was  probably  made  by  a  great  excess  of  common 
salt  in  the  liquors. 

To  this  Weldon  replies  explicitly,  showing,  sentence  by  sentence^ 
that  Mactear  had  either  misunderstood  or  misrepresented  his 
statements,  and  that  he  had  brought  forward  nothing  essential  in 
refutation  of  them.  He  proves  that  in  reality  the  nitrogen  of  the 
mixing-coal,  perhaps  also  the  ammonia  of  the  fire-gas,  is  the  cause 
of  the  formation  of  cyanides.  [With  this  entirely  agrees  an 
observation  made  by  Dr.  Pauli  and  communicated  to  the  author, 
viz.  that  when,  in  Uie  place  of  mixing-coal,  coal-tar  pitch  is  em- 
ployed, which  is  free  &om  nitrogen,  black  ash  absolutely  free  from 
cyanides  is  obtained.]  The  best  refutation  of  Mactear's  position, 
according  to  which  a  lowering  of  the  fusing-point  of  the  mass 
lowers  the  proportion  of  cyanides,  is  that  notoriously  the  soda-ash 
made  by  Mactear's  process  is  of  inferior  colour.  It  is  true  that 
before  Pechiney  others  had  attempted  to  destroy  the  cyanides ; 
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but  PecHney  was  the  first  to  do  this  successAilly  on  a  manufac- 
turing scale  and  in  the  simplest  manner.  That  Pechiney's  white 
soda,  which  rivals  ammonia-soda  in  colour  and  strength^  is  most 
decidedly  not  produced  by  an  excess  of  sodium  chloride  in  the 
liquors,  is  proved  by  a  long  array  of  figures. 

Several  objections  have  been  made  to  the  Pechiney-Weldon 
process,  which  are  discussed  by  the  author  in  ^  Dingler's  Journal/ 
ccxxxii.  p.  529,  on  the  basis  of  communications  received   from 
various  quarters  and  from  Mr.  Weldon  himself.     It  was  contended 
that,  at  least  in  one  case,  the  great  improvement  which  followed 
upon  the  introduction  of  that  process  was  partly  produced  by  sub- 
stituting, at  the  same  time,  fishing-pans  for  pans  heated  by  top 
fire.     It  was,  however,  distinctly  proved  to  the  author  that  this 
assertion  is  erroneous,  no  alteration  whatever  having  taken  place 
at  that  works  in  respect  of  the  evaporating-pans,  which  had  always 
been  fishing-pans.     It  was  further  asserted  that,  owing  to  incom- 
plete decomposition  of  the  final  sulphate,  the  alkali  cannot  be 
brought  up  to  68°,  but  only  to  56°  (Liverpool  test) .     This  is  also 
emphatically  contradicted   by  some  who  are  working  with  the 
P.-W.  process,  who  obtain  regularly  58-per-cent,  alkali,  even  with 
top  heat.    Again,  it  has  been  said  that,  owing  to  the  small  propor- 
tion of  mixing-coal,  there  is  not  enough  heat  for  boiling  down  all 
the  liquors  by  the  waste  heat  of  the  ball-fiimace.     But  some 
manufacturers  do  this  all  the  same ;  the  others  must  either  employ 
more  mixing-coal,  or,  much  better,  assist  the  evaporation  by  a 
special  fire,  where  the  excess  of  coal  is  burnt  for  this  purpose. 
It  is  true  that  the  P.-W.  process  takes  about  10  per  cent,  more 
time  than  the  Mactear  process ;  but  this  is  no  serious  drawback. 
A  more  serious  objection  is  this — that  the  P.-W.  process  causes  a 
deficiency  of  yield  of  soda,  either  because  much  is  lost  by  volatili- 
zation in  the  great  heat,  or  because  the  black  ash  runs  out  too  thin 
and  turns  too  hard  for  perfect  lixiviation.     But  at  those  works 
where  the  yield  has  been  actually  ascertained  it  has  been  found 
not  less,  but  even  larger,  with  the  P.-W.  process  than  with  the  old 
process.    The  black  ash  certainly  comes  out  very  thin;  but  it 
swells  in  the  bogies  to  an  unprecedented  extent,  so  that  for  the 
same  proportion  of  sulphate  more  bogie-space  is  required  in  the 
proportion  of  14  to  II ;  the  black  ash  is  consequently  extremely 
porous  and  very  easily  lixiviated. 

It  is  true  that  the  Pechiney-Weldon  process  is  not  so  simple 
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as  it  looks.  Each  revolyer  must  b^  studied  by  itself;  and  when  to 
make  the  addition  of  final  sulphate^  what  speed  to  use  before  and 
after  that  addition^  how  long  time  to  run  it  afterwards^  &c.^  must 
be  found  out  by  a  series  of  trials.  Owing  to  this  the  process  can 
be  only  gradually  introduced ;  but  in  May  1879  there  were  already 
sixteen  reTolvers  running  with  this  process^  producing  2500  tons 
of  soda  ash  per  week^  and  a  large  number  of  British  alkali-manu- 
facturers were  waiting  their  turn  for  the  introduction  of  the  pro- 
cess. Bad  results^  announced  from  some  quarters  where  the  pro- 
cess had  been  tried  without  the  knowledge  and  assistance  of  the 
inventors^  are  no  disproof  of  its  value.  In  the  yery  best  cases  the 
ferrocyanide  in  the  liquors  only  amounts  to  0'03  per  cent,  of  the 
total  alkali ;  but  sometimes  it  rises  to  0*29  per  cent.  In  the  liquors 
made  by  Mactear's  process  1*0  to  1*06  of  ferrocyanide  per  cent,  of 
the  total  alkali  is  present  (according  to  Weldon). 

Since  the  Pechiney  process  forcibly  drew  the  attention  of  all 
alkali-makers  to  the  cyanides  in  black  ash^  a  series  of  patents  have 
been  taken  out  for  the  same  purpose^  none  of  which^  however,  has 
hitherto  entered  into  serious  competition  with  that  process.  They 
are  as  follows : — 

Mactear  (No.  3079,  Aug.  3,  1878)  adds  to  the  charge  in  the 
black-ash  furnace,  shortly  before  withdrawing  it,  certain  ''oxidi- 
zing '^  substances,  viz.  the  sulphates  of  calcium,  barium,  or  stron- 
tium, or  the  oxides  of  iron  or  manganese.  When  calcium  sulphate 
is  employed,  5  per  cent,  of  the  sodium  sulphate  suffices  for  destroy- 
ing the  cyanides. 

According  to  Gaskell  (Patent  No.  3783,  Sept.  25,  1878)  the 
formation  of  cyanides  may  be  prevented  or  diminished  by  blowing 
a  current  of  air  and  steam  upon  the  mass  contained  in  the  revolver 
during  the  whole  operation,  by  means  of  an  injector.  In  this  way 
the  carbon  monoxide  contained  in  the  fire-gases  is  burnt  into 
dioxide,  which  at  the  same  time  causes  a  saving  of  fiieL  It  is  here 
assumed  that  the  formation  of  cyanides  is  merely  owing  to  the 
prevalence  in  the  revolver-air  of  a  reducing  flame  containing  very 
much  carbon  monoxide ;  the  current  of  air  bums  both  this  and 
the  cyanide.  The  success  of  this  process  is  as  yet  doubtful.  It  is 
moreover  strange  that  there  should  be  such  a  great  difibrence 
between  the  atmosphere  of  revolvers  and  that  of  hand-wrought 
furnaces,  whose  gases  contain  a  lai^e  proportion  of  oxygen  and  no 
carbon  monoxide  (F.  Fischer,  Berichte  deutsch.  chem.  Oes.  1876, 
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p.  1558).  Moreover,  the  Pechiney  process  is  just  as  eflScient  in 
the  latter,  and  was,  indeed,  fully  worked  out  in  hand-furnaces 
before  it  was  tried  in  revolvers. 

Brunner  (No.  8166,  Aug.  10,  1878)  fluxes  the  sulphate  and 
limestone  first  with  a  portion  (25  to  75  per  cent.)  of  the  requisite 
coal,  and  adds  the  remainder  afterwards.  A  portion  of  the  lime- 
stone may  be  kept  back  likewise.  The  temperature  should  be 
kept  up  as  high  as  possible.  This  is  evidently  the  same  thing  as 
the  Pechiney  process,  since  in  the  absence  of  coal  an  excess  of 
sulphate  must  be  present  and  only  so  much  cyanide  can  be  formed 
as  corresponds  to  the  nitrogen  of  the  coal  added  at  the  end. 

Allhusen  (No.  8022,  July  80,  1878)  keeps  back  10  per  cent,  of 
the  total  mixture  of  sulphate,  limestone,  and  coals,  which  is  added 
shortly  before  discharging  the  furnace.  This  is  practically  the 
same  as  the  Pechiney-Weldon  process. 

Glover  (No.  3978,  Oct.  9,  1879)  adds  a  manganese  salt  or  oxide 
in  the  black-salt  pan;  this  in  the  calcining-pan  forms  blue  sodium 
manganate,  whose  colour  blends  with  the  yellow  shade  of  iron- 
containing  ash  to  give  white. 

Pauli  (Dingl.  Joum.  ccxxxii.  p.  537)  adds,  before  discharging, 
a  mixture  of  dried  fished  salts  from  caustic-soda-making  (which 
always  contain  much  sulphate),  or  caustic  bottoms  with  slaked 
lime.  This  does  not  seem  essentially  difiPerent  from  the  P.-W. 
process. 

According  to  a  communication  which  the  author  has  received 
from  Mr.  Benker,  of  Bouen,  the  final  addition  of  acid  sulphate  ef 
soda  (nitrecake)  ensures  a  far  more  complete  destruction  of  the 
cyanides  than  that  of  ordinary  sulphate. 
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CHAPTER  VI. 

THEORY  OF  THE  SODA  PROCESS  ACCORDING  TO  LEBLANC. 

When  we  consider  that  even  the  composition  of  black  ash  is  not 
quite  certain^  both  on  account  of  the  wide  differences  between  the 
various  analyses  and  of  the  unavoidable  decompositions  and  re- 
arrangements of  elements  in  contact  with  water^  we  need  not  be 
surprised  at  the  discordances  between  the  views  held  on  the  nature 
of  the  process  that  goes  on  in  the  fiimace.  The  most  difficult 
question  was^  how  is  an  insoluble  compound  of  sulphur  and  calcium 
formed  from  which  the  soluble  constituents  can  afterwards  be 
separated  by  Uxiviation?  To  answer  this  and  other  questions  is 
difficult  even  from  the  fact  that  the  processes  going  on  in  the  white- 
hot  furnace  admit  of  observation  only  by  means  of  some  secondary 
signs^  such  as  the  colour  of  the  flame^  the  appearance  of  the 
melting  mass>  latterly  also  the  analyses  of  the  fire-gas^  and  because 
our  analyses  are  necessarily  limited  to  the  cooled-down  product^  in 
which  already  on  coolings  and  still  more  during  the  subsequent 
treatment  with  water^  changes  can  and  must  take  place. 

Besides  analyzing  the  product^  we  must  not  neglect  the  propor- 
tions of  the  mixture  which  have  proved  most  favourable  for  the 
work  (see  p.  876  et  seqq.) .  These  ought  to  permit  valid  conclusions 
to  be  drawn ;  for  on  examining  the  various  statements^  so  far  as 
they  are  trustworthy,  and  calculating  them  upon  pure  substances, 
we  find  very  good  agreement  so  far  as  the  process  universally  used 
up  to  the  last  few  years  is  concerned.  We  may  assume  that  up  to 
the  most  recent  time,  with  100  parts  pure  sodium  sulphate,  never 
very  much  more  nor  very  much  less  than  100  parts  of  pure  calcium 
carbonate  and  45  parts  of  pure  carbon  were  employed.  Calculated 
into  equivalents,  this  means  1  equivalent  of  Na9S04  to  142  of 


428  SODA. 

CaCOs  and  5*32  of  C ;  and  it  would  thus  seem  as  if,  for  the  reac- 
tion going  on  in  the  fiirnace,  to  2  equivalents  of  Na^SO^  3  of  CaCOj 
and  at  least  10  of  carbon  were  necessary.  Indeed  these  proportions 
are  assumed  in  most  of  the  older  theories  of  the  process ;  but 
although  this  may  have  been  justified  by  the  &cts  then  known^  it 
is  impossible  to  make  that  assumption  now^  since  the  experiments 
made  by  Gossage^  Kolb,  and  others  with  only  one  equivalent  of 
CaCOa  to  one  of  Na^SO^  have  been  borne  out  by  the  result  of 
Mactear's  plan  of  working  in  the  revolving  black-ash  furnaces. 

The  first  explanation  of  the  process  of  soda-making  according  to 
Leblanc  was  given  in  1830  by  Dumas  ('Traits  de  Chimie/  ii. 
p.  474)^  and  was  accepted  in  its  main  features  for  a  long  time 
almost  without  question.  Dumas  started  &om  the  assumption 
that  CaS  is  soluble  in  water,  because  neither  H^S  nor  (NH4)2S 
causes  a  precipitate  in  a  solution  of  CaCl^  and  that  consequently 
any  CaS  present  in  black  ash  on  contact  with  water  must  decom- 
pose with  the  sodium  carbonate  into  sodium  sulphide  and  calcium 
carbonate.     He  therefore  rejects  the  equations  * : — 

1 .  Na2S04 + CaCOs  =  Na^COg + CaS04, 

2.  CaS04 + C4  =  CaS  H-  4C0 ; 

for  then  on  lixiviation  the  following  would  happen,  viz. : — 
8.  Na^COg+CaS     =  NagS -h  CaCOs- 

For  this  reason  Dumas  thinks  that  but  1^  (instead  of  1)  equivalent 
of  CaCOs  must  be  employed  in  Leblanc^s  process,  so  that  not  CaS, 
but  calcium  oxysulphide  (2CaS,  CaO),  as  already  assumed  by 
Thenard,  is  formed,  which  by  its  insolubility  in  water  retains  the 
sulphur  and  prevents  the  appearance  of  large  quantities  of  Na^S 
in  the  tank-liquor  under  normal  circumstances.  He  represents 
the  process  by  the  following  equation : — 

4.  2Na,S04+3CaC03-h9C  =  2Na5C08+CaO,  2CaS-hlOCO. 
This  is  represented  by  the  following  proportions : — 

Sodium  sulphate  100 

Calcium  carbonate    10o'6 

Carbon  88 


• 


Of  course  all  his  fomudffi  have  been  translated  into  modern  notation. 
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whicli^  indeed^  very  closely  correspond  with  the  proportions  prac- 
tically used  at  that  time  and  much  later^  if  the  impurities  and  the 
unavoidable  loss  by  burning  of  coal  are  taken  into  account. 

The  same  subject  in  1847  (and  afterwards)  was  treated  by  Unger 
(Ann.  Chem.  Pharm.  Ixi.  p.  129,  Ixiii.  p.  240,  Ixvii.  p.  78,  Ixxxi. 
p.  289).  In  his  earlier  publications  he  takes  just  the  same  ground 
as  Dumas ;  he  also  assigns,  as  the  reason  why  on  treating  the  black 
ash  with  water  the  sodium  sulphide  is  not  reformed,  the  formation 
of  an  oxysulphide  of  calcium.  To  this  he  gave  a  formula  deviating 
from  that  of  Dumas,  viz.  CaO,  3CaS,  especially  because  H.  Eose 
had  prepared  an  analogous  barium  compound.  He  was  not,  how- 
ever, satisfied  with  a  simple  equation,  such  as  that  proposed  by 
Dumas,  but  believed  that  during  the  fomace  process  a  whole  series 
of  reactions  take  place.  First  the  coal  transforms  sodium  sulphate 
into  sulphide,  calcium  carbonate  into  quicklime.  On  reducing  the 
sulphate^  the  gas  given  off  consists  almost  entirely  of  CO2,  not  CO 
(this  has  subsequently  been  confirmed).  The  sodium  sulphide  with 
quicklime  yields  calcium  oxysulphide  and  sodium  oxide ;  and  the 
latter  is  alternately  transformed  by  the  coal  still  present  and  the 
atmospheric  oxygen  into  sodiimi  carbonate.  In  his  later  publica- 
tion he  essentially  modified  this  theory^  by  ascribing  an  important 
part  to  the  steam,  formed  by  the  hygroscopic  water  and  the  hydro- 
gen of  the  coal,  and  contained  in  the  atmospheric  air.  The  steam 
in  contact  with  the  live  coals  yields  hydrogen ;  this  reduces  CaS04 
to  CaS,  which,  on  igniting  with  steam,  yields  H^S  and  is  partly 
changed  into  oxysulphide.  The  CaSO^  is  formed  by  a  partitd 
decomposition  of  Na^SO^  with  CaCOj  at  a  red  heat ;  the  remainder 
of  the  sodium  sulphate  is  reduced  to  sulphide,  which  with  Ca2C03 
yields  CaS,  and  this  again,  in  a  damp  flame,  oxysulphide.  The 
escaping  H^S  is  at  once  taken  up  by  sodium  oxide  or  carbonate ;  the 
newly  formed  Na^S  is  decomposed  by  the  CaCOj  in  excess^  with  for- 
mation of  calcium  oxysulphide ;  and  by  this  play  of  reactions  all  the 
Na^S  is  gradually  transformed.  This  very  complicated  theory  is 
at  once  refuted  by  the  fact  that  it  is  possible  to  make  black  ash 
from  perfectly  dry  materials  in  a  closed  crucible,  with  total  exclu- 
sion of  steam  (Scheurer-Kestner,  Wagn.  Jahresb.  1863,  p.  238). 

Brown  (Philos,  Mag.  xxxiv.  p.  15)  does  not  go  so  far  in  theo- 
retical speculations.  According  to  him,  there  is  simply  reduction 
of  sodium  sulphate,  by  coal,  to  sulphide;  and  this  with  calcium 
carbonate  yields  sodium  carbonate  and  calcium  sulphide ;  the  latter 
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at  once  takes  up  lime  and  forms  calcium  oxysulphide.  He  also 
gives  to  the  latter  the  formula  CaO^  3CaS ;  and  his  equations  thus 
become : — 

1.  Na4S04+4C        =  NajS +4C0 ; 

2.  SNajjS + 4CaC0,  =  SNagCO, + CaO,  3CaS  -f  COa- 

All  these  theories  are  founded  upon  the  assumption  of  the  ex- 
istence of  calcium  oxysulphide^  which  Dumas  himself  never  pre- 
pared, and  the  existence  of  which  he  only  inferred  from  a  reaction 
indicated  by  himself,  viz.  that  from  a  mixture  of  CaS  and  Na^COj 
in  equivalent  proportions  water  dissolves  NaaS,  whilst,  if  to  this 
mixture  an  excess  of  lime  is  added,  a  solution  of  Na^COa  is 
obtained. 

Now  the  existence  of  this  reaction  has  been  disputed,  and  the 
principal  foundation  for  the  calcium  oxysulphide  theory  removed, 
apparently  first  of  aU  by  Kynaston,  on  the  strength  of  experiments 
made  in  E.  S.  Muspratt's  laboratory  in  1858,  and  described  in  the 
latter's  '  Chemistry,'  ii.  p.  924,  and  by  Kynaston  himself  in  the 
Chem.  Soc.  Quart.  Joum.  xi.  p.  155.  He  found  that  if  black  ash 
was  left  in  contact  with  water  for  some  time,  its  CaO,  inclusive  of 
that  contained  in  the  presumed  CaO,  2CaS  or  CaO,  3CaS,  was 
completely  transformed  into  CaC03,  whilst  NaOH  was  formed  at 
the  same  time.  Although  this  did  not  absolutely  disprove  the 
existence  of  an  oxysulphide,  it  yet  showed  that  such  a  body  could 
not  possess  that  stability  in  the  presence  of  water  which  is  the 
foundation  of  Dumas's  theory.  Kynaston  inclined  towards  ascri- 
bing the  non-decomposition  of  the  sodinm  carbonate  in  black  ash 
to  a  compound  of  CaS  with  CaCOg,  the  existence  of  which,  how- 
ever, he  has  not  proved,  and  it  is  hardly  probable. 

Very  weighty  reasons  against  the  oxysulphide  theory  were 
marshalled  by  Gossage.  In  his  essay,  called  '  A  History  of  the 
Soda-manufacture'  (read  in  September  1861,  published  in  1868) j 
p.  15,  he  states  that  already  in  a  patent-specification  of  the  year 
1838  he  had  proved  the  residue  from  lixiviating  black  ash,  especi- 
ally if  much  water  was  employed,  to  consist  of  a  mixture  of  calcium 
monosulphide  and  carbonate,  without  any  sodium  sulphide  having 
got  into  the  liquor ;  in  fact,  CaS  is  quite  insoluble  in  water,  as  is 
proved  by  preparing  it  from  gypsum  ignited  with  coal ;  nor  is  it 
much  attacked  by  sodium  carbonate ;  and  so  far  as  calcium  poly- 
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sulphurets  are  formed^  these  only  are  dissolved  and  subsequently 
form  sodium  sulphide.  The  advantage  of  adding  chalk  in  excess 
is  merely  that  a  larger  surface  is  offered  for  the  reactions^  and  the 
operation  in  the  furnace  is  facilitated^  which  also  prevents  the  for- 
mation of  calcium  oxysulphides.  It  must  be  granted  that  these 
theoretical  speculations  of  that  experienced  practical  man  have 
since  been  entirely  confirmed. 

Both  Kynaston  and  Gossage  proved  that  in  black  ash  no  caustic 
soda  can  be  present;  for  on  melting  caustic  soda  with  calcium 
carbonate  decomposition  into  caustic  lime  and  sodium  carbonate 
takes  place^  and^  moreover^  black  ash  yields  no  caustic  soda  to 
alcohol.  The  same  black  ash^  however^  on  lixiviation  with  water, 
yields  large  quantities  of  caustic  soda,  which  consequently  can 
only  have  been  formed  by  the  action  of  quicklime  on  sodium  car« 
bonate;  and  this  could  not  have  happened  without  a  splitting-up 
of  the  supposed  oxysulphide.  Gossage  expresses  the  soda-procese 
as  follows : — 

2Na,S04+8CaC03+9C  =  2Na,C08+2CaS  +  CaO  +  lOCO ; 

but  he  does  not  himself  believe  that  all  the  C  goes  away  as  CO, 
which  he  assumes  only  for  the  sake  of  simplicity.  This  formula 
entirely  answers  to  the  proportions  indicated  by  Dumas ;  but  the 
presence  of  the  third  equivalent  of  CaCO^  is  not  necessary  for  the 
equation,  and  is  only  claimed  for  the  practical  requirements  of 
black-ash  making.  According  to  Hofmann's  'Report  by  the 
Juries,'  p.  26,  Gossage  asserts  that  by  the  employment  of  exactly 
eqtdvalent  quantities  of  sulphate  and  limestone,  both  on  the  small 
and  the  large  scale,  he  obtained  black  ash  yielding  sodium  carbo- 
nate on  lixiviation,  and  that  two  other  manufacturers,  on  repeating 
this  experiment  on  the  large  scale,  had  been  equally  successful. 
We  shall  see  that  Eolb  also  obtained  the  same  result ;  and^  at  aU 
events,  Mactear^s  revolving-furnace  process  has  strikingly  demon- 
strated the  correctness  of  Gossage's  assertion. 

Scheurer-Kestner  (R^p.  Chim.  appl.  1862,  p.  281)  also  pro- 
nounced against  the  oxysulphide  theory.  He  adopted  Eynaston's 
reasons  against  the  presence  of  caustic  soda  in  black  ash,  and 
added  another  reason,  viz.  that  otherwise  the  unlikely  assumption 
that  black  ash  contains  anhydrous  Na,0  would  become  necessary. 
He  also  argued  that  the  non-existence  of  caustic  soda  in  black 
ash,  along  with  the  constant  presence  of  this  compound  in  black- 
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ash  liquor,  proves  with  certainty  the  presence  of  quicklime  and  the 
absence  of  calcium  oxysulphide.  But  he  also  disproved  in  a  more 
exact  way  the  existence  of  the  latter  by  mixing  solutions  of  pure 
sodium  carbonate^  of  various  degrees  of  concentration,  with  firesh 
tank-waste,  and  daily  estimating  the  caustic  soda  and  sodium  8ul« 
phide  formed.  If  the  lime  had  been  chemically  combined  with 
CaS  to  form  an  oxysulphide,  and  the  latter  had  been  slowly  decom- 
posing, the  sodium  sulphide  must  have  increased  proportionally 
with  sodium  hydrate.  The  experiment  most  distinctly  proved  the 
contrary:  the  liquor  at  once  became  caustic;  but  its  degree  of 
causticity  increased  very  little  and  rather  decreased  again  (because 
NaOH  itself  acts  upon  CaS) ,  ultimately  arriving  at  zero ;  the  Na^S, 
on  the  other  hand,  increased  steadily  day  after  day,  and  ultimately 
remained  alone. 

In  a  further  publication  (Compt.  Bend.  Ivii.  p.  1013,  Iviii.  p.  501) 
Scheurer-Kestner  showed  (like  Gossage)  that  CaS  itself  is  almost 
insoluble  in  water  (at  12°'6  C.  1  part  is  soluble  in  12,600  parts  of 
water) ;  on  treating  pure  CaS  with  a  solution  of  Na^COs,  gradu- 
ally Na^S  and  CaCOs  are  formed,  but  not  more  quickly  than  on 
treating  black-ash  with  water.  His  own  idea  of  the  soda-procesa 
is  this  : — First  the  sulphate  is  by  the  coal  reduced  to  Na^S ;  and 
this  with  the  CaCOj  decomposes  to  Na^COa  and  CaS.  The  latter 
reaction  can  be  proved  independently  on  a  small  scale.  In  practice 
more  than  an  equivalent  of  CaCOg  is  employed,  because  a  portion 
of  this  becomes  caustic  before  the  reduction  of  sodium  sulphate  to 
sulphide  is  complete,  and  the  subsequently  formed  Na^S  would 
enter  into  the  liquors  as  such,  if  it  did  not  find  any  CaCOs  fo' 
converting  it  into  Na^COg.  This  point  was  withdrawn  by  Scheurer- 
Kestner  in  1867,  and  Gossage's  explanation  adopted.  During 
these  processes  not  carbon  monoxide,  as  the  previous  theorists  had 
stated,  but  exclusively  carbon  dioxide  is  formed ;  so  that  the  equa- 
tions run : — 

1.  5Na4SO4+10C    =5Na4S+10COa; 

2.  SNajjS  +  rCaCOg  =  SNagCOg + 5CaS  +  2CaO  +  200^  *. 

It  is  true  that  towards  the  end  of  the  operation  carbon  monoxide 

•  Ferd.  Fischer  (Deutsch.  chem.  Ges.  Ber.  ix.  p.  1559)  indeed  foimd  no  CO 
in  the  gases  of  a  black-ash  furnace,  but  merely  CO,,  along  with  3*3  to  2*6  per 
cent,  oxygen. 
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is  given  off^  as  proved  by  the  flames  issuing  from  the  mass,  which 
afford  such  a  viduable  sign  of  the  finish ;  but  as  in  the  reduction 
of  sulphate^  according  to  his  own  and  Unger^s  experiments,  next 
to  no  CO  is  formed,  but  almost  exclusively  CO3,  the  CO-flames  at 
the  end  of  the  operation,  when  the  temperature  is  much  higher^ 
must  arise  from  the  action  of  coal  on  the  limestone  in  excess : — 

3.  CaC03  +  C  =  CaO  +  2CO. 

It  is  well  known  that  the  ball  must  be  drawn  after  the  evolution 
of  CO  has  begun  and  before  it  is  finished;  and  the  excess  of  lime- 
stone permits  the  employment  of  this  practical  sign.  Dubrunfaut 
assented  to  these  views,  and  asserted  that  he  had  come  to  the  same 
conclusion  thirteen  or  fourteen  years  previously  (Bull.  Soc.  Chim. 
1864,  i.  p.  346).     His  formula  is 

Na^SO^ + CaCO, + 4C  =  Na^COs  +  CaS + 4C0  ; 

but  this  again  adopts  the  erroneous  assumption  that  CO,  not  CO^, 
is  the  gaseous  product  of  the  reaction. 

The  calcium  oxy  sulphide  still  had  its  advocates.  On  the  strength 
of  many  analyses  of  tank- waste  from  one  and  the  same  factory,  at 
Dieuze,  E.  Kopp  (Compt.  Rend.  Ixi.  p.  560)  concluded  that  in  it 
lime  and  sulphur  existed  in  the  proportion  indicated  by  Dumas, 
viz.  CaO,2CaS.  Scheurer-Kestner  (ib.  p.  640)  replied  that  this 
proportion  varies  in  the  tank- waste  of  different  works  and  depends 
upon  the  original  mixture.  Kopp  then  (ib.  p.  796)  adduced  some- 
what more  weighty  reasons  in  favour  of  Dumas^s  theory.  On 
trying  the  reaction  upon  solutions  of  sodium  carbonate  (1st)  of 
pure  lime,  (2nd)  of  a  quantity  of  soda-waste  which,  according  to 
analyses,  contained  exactly  the  same  quantity  of  calcium  hydrate 
(viz.  12  per  cent.) ,  much  more  caustic  soda  was  obtained  in  the 
first  than  in  the  second  case.  [This  experiment,  apparently  per- 
formed only  once,  is  not  very  conclusive  when  the  diflSculty  of 
stating  the  precise  quantity  of  Ca(0H)2  to  be  assumed  in  such  a 
complicated  mixture  as  tank- waste  is  taken  into  account ;  more- 
over Pelouze  (Compt.  Bend.  Ixxii.  p.  315)  points  out  that  Kopp^s 
analysis  of  tank-waste  is  altogether  abnormal,  and  that  probably 
some  error  had  occurred.] 

Kopp  further  found  that,  on  treating  equal  volumes  of  solution 
of  sodium  carbonate,  first  with  pure  CaS,  secondly  with  the  corre- 
sponding quantity  of  soda- waste,  more  sodium  sulphide  was  formed 
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in  the  first  than  in  the  second  case.  [The  above  criticism  is  appli- 
cable to  this  point  also.]  Lastly^  Kopp  also  found  [it  appears^  in 
a  single  experiment]  that  from  a  nearly  neutral  solution  of  man- 
ganous  chloride  manganese  protoxide  (which  is  precipitated  by  free 
lime)  could  not  be  precipitated  by  his  [abnormal]  soda  waste^  nor 
yet  by  an  artificial  mixture  of  2CaS  and  iCaO.  From  this  it 
would  appear  as  if  the  oxychloride  could  be  simply  compounded 
from  its  constituents  with  the  assistance  of  water. 

Since  Kopp^  only  P.  W.  Hofmann  has  tried  to  uphold  the  ex- 
istence of  calcium  oxysulphide  (Compt.  Rend.  Ixii.  p.  291).  He 
calcined  2  equivalents  of  gypsum  with  1  equivalent  of  free  lime 
and  coal ;  the  product  could  not  causticize  sodium  carbonate ;  and 
he  therefore  adopted  Kopp's  conclusion  as  to  the  existence  of  such 
a  compound  in  soda- waste.  Both  his  experiment  and  conclusion 
were  completely  refuted  by  Pelouze  (Compt.  Rend.  Ixii.  p.  315). 
Apart  from  pointing  out  that  even  the  existence  of  an  artificially 
prepared  calcium  oxysulphide  would  not  prove  its  presence  in  soda 
waste,  Pelouze  showed  that,  in  the  experiment  of  P.  W.  Hofmann^ 
at  a  moderate  temperature  the  CO3  formed  by  the  reduction  of 
gypsum  combines  with  the  lime,  and  a  mixture  of  calcium  sulphide 
and  carbonate  remains,  which,  of  course,  cannot  causticize  sodium 
carbonate.  If,  however,  the  experiment  be  performed  at  such  a 
high  temperature  that  the  CaCOs  is  decomposed  into  CaO  and 
COj,  the  resulting  mixture  of  CaS  and  CaO  readily  causticizes 
soda,  [This  experiment  at  the  same  time  refutes  Kopp's  above- 
quoted  experiment  with  a  mixture  of  2CaS  and  CaO,  and,  as 
Kopp  made  no  reply,  must  be  considered  decisive.]  Otherwise 
Pelouze  substantially  confirmed  Scheurer-Kestner's  results  con- 
cerning the  absence  of  NaOH  or  Na20  from  black  ash,  and  the 
unequal  progress  of  the  formation  of  NaaS  and  NaOH  on  ILxivia- 
tiou,  and  concludes  decidedly  that  the  assumption  of  calcium  oxy- 
sulphide in  black  ash  is  neither  necessary  nor  allowable.  For  this 
he  adduced  the  novel  fact  that  on  treating  equal  quantities  of  black 
ash,  one  with  tepid,  and  the  other  with  boiling  water,  in  both  cases 
an  equal  quantity  of  caustic  soda  was  formed,  but  much  more  Na^S 
in  the  second  case,  with  less  Na2C03, — and  that  the  quantities  of 
H2S  and  CO2  expelled  from  washed  tank-waste  by  an  acid  suffice 
for  completely  saturating  all  the  lime,  which  could  not  be  the  case 
if  a  stable  calcium  oxysulphide  were  present  and  the  caustic  soda 
of  the  tank-liquor  had  been  formed  only  at  the  expense  of  some  free 
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lime  present  in  excess,  as  is  necessarily  assumed  by  those  Teho 
adhere  to  the  oxysulphide  theory.  Exactly  the  same  result  was 
obtained  by  Petersen  (Wagner's  Jahresb.  1866,  p.  164),  who  like- 
wise adopted  the  views  of  Scheurer-Kestner. 

Much  more  conclusive  than  any  isolated  experiments  made  with 
some  odd  sample  of  soda- waste  are  the  exhaustive  researches  made  by 
Kolb  (Ann.  Ohim.  Phys.  [4]  vii.  p.  118).  He  operated  on  the  large 
scale  in  a  good  furnace,  in  which  he  fluxed  two  mixtures  of  chalk,  sul- 
phate, and  coal — one  (A)  corresponding  to  Dumas's  formula, the  other 
(B)  to  that  of  Dubrunfaut.  If  the  formation  of  an  oxysulphide  is 
indispensable,  the  mixture  A  ought  to  fiimish  black  ash  free  from 
Na2S  and  saturated  with  CO2,  but  B  nothing  but  Na2S*.  If, 
however,  ^no  oxysulphide  is  formed,  but  calcium  sulphide  itself  is 
insoluble  in  the  alkaline  liquor,  the  results  of  the  two  operations 
will  differ  in  this  respect ;  the  liquor  A,  owing  to  the  excess  of 
chalk  and  coal,  will  be  more  caustic  than  B.  Now  the  products, 
lixiviated  precisely  in  the  same  manner,  yielded  (from  100  parts  of 
sulphate)  : — 

Mixture  A. 

167-5  black  ash  of  38°  Decroiz.  '     / 

70-7  soda  ash  of  90°      „ 

""     '«S  K'^'l  =66-9  Na,C03 
8-45  Na20     )  -      ^ 

015Na2S 

0-93  Na^S 

Mixture  B. 

134-0  black  ash  of  47°  Decroiz.     ' 
77-5  soda  ash  of  81°      „ 

2-16  NagS 
6-71  Na2S04 

•  Landolt,  in  his  extremely  lucid  report  in  Hofinftnn's  Bericht,  1875,  i. 
pp.  421  y  468,  points  out  that  Kolb  in  this  case  has  misinterpreted  his  own  ex- 
periments. There  is  no  reason  why,  if  a  calcium  oxysulphide  exists,  it  should 
not  be  formed  in  the  mixture  B.  Only  in  this  no  more  than  two  thirds  of  the 
sodium  sulphate  would  be  converted  into  carbonate,  one  third  remaining  as  sul- 
phide, thus : — 

3NaaS04+3CaC03+12C  =  2Na.,CO«+Na,S+CaO,2CaS+1200+COa. 

2f2 
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Thus  Dubrunfaut's  fonnula  [apart  from  the  formation  of  CO]  had 
been  completely  confirmed ;  B  could  only  contain  sodium  carbonate 
and  calcium  sulphide,  which  on  lixiviation  are  not  mutually  de- 
composed. That  this  is  not  the  case,  Eolb  proved  by  special 
experiments.  Strong  solutions  of  soda  ash  after  forty-eight  houra' 
contact  with  calcium  sulphide  in  large  excess  in  the  cold  only 
showed  a  formation  of  sodium  sulphide  to  the  extent  of  1*8  to  2*4 
per  cent.,  and  after  four  hours'  boiling  3'2  to  4-2  per  cent.  Solu- 
tions of  caustic  soda  only  showed  traces  of  a  reaction  on  calcium 
sulphide.  Pure  water  in  forty-eight  hours  dissolved  in  the  cold 
0*23  per  cent.,  in  four  hours'  boiling  027  per  cent.  CaS.  This 
proves  that  for  making  black  ash  only  exactly  equivalent  quantities 
of  NasS04  and  CaCOs  are  required.  As  far  as  the  coal  is  concerned 
Kolb  adopts  Ungerer's  view,  that  CO2  alone  is  formed — and  no 
CO,  as  Dubrunfaut  supposes.  He  consequently  changes  the 
latter's  formula  to 

Na2S04 + CaCOs  +  2C  =  NajCOj + CaS + 2C0„ 

corresponding  to  100  Na2S04,  704  CaCOs,  a^d  17  C,  yielding 
(theoretically)  74*6  Na2C08.  On  carrying  out  an  operation 
according  to  this  mixture  in  the  furnace  Kolb  only  obtained 
43*8  Na2COs ;  half  of  the  sulphate  had  remained  undecomposed. 
When  the  quantity  of  the  coal  was  doubled,  he  obtained  a  prac- 
tically sufficient  decomposition,  viz.  65*3  Na2C0g,  along  with 
2*16  Na2S.  When,  moreover,  the  quantity  of  chalk  was  increased 
to  101  CaCOs,  te  obtained  701  NagCOs  and  only  1-2  Na^S.  He 
explains  the  favourable  action  of  an  excess  of  chalk  in  just  the 
same  way  as  Gossage  and  Scheurer-Kestner  had  done ;  that  of  the 
excess  of  coal,  not  from  a  formation  of  CO  on  the  reduction  of 
sodium  sulphate  (for  the  experiment  shows  that  100  parts  of  sul- 
phate are  actually  completely  converted  into  sodium  sulphide  with 
evolution  of  CO2) ,  but  from  the  fact  that  coal  is  spent  in  another  way, 
viz.  in  forming  CO  with  CaCOs  [as  Scheurer-Kestner*  had  already 
stated ;  moreover,  recently  less  than  30  per  cent,  of  coal  has  in  prac- 
tice been  found  sufficient] .  According  to  special  experiments  by 
Kolb,  chalk  is  decomposed  by  coal  at  a  moderate  red  heat  wiUi 
evolution  of  CO,  at  the  same  temperature  at  which  sulphate  yields 
CO2  with  coal,  whilst  chalk  heated  by  itself  splits  up  only  at  a 
much  higher  temperature  into  CaO  and  C02.  The  coal  conse- 
quently acts  in  the  furnace  at  the  same  time  on  the  sulphate  and 


THEORY  OF  THE  LEBLANC  PROCESS.  437 

the  chalky  giving  oflF  a  mixture  of  CO  and  CO2 ;  since  during  the 
reduction  of  sodium  sulphate  to  sulphide  the  chalk  is  converted 
into  quicklime,  and  the  former  no  longer  meets  with  calcium 
carbonate,  the  reaction  cannot  be  (as  usually  represented)  thus — 

NagS  +  CaCOs  =  NagCOs  +  CaS. 

If  this  were  correct,  a  black  ash  not  fluxed  sufficiently  long  would 
contain  much  unchanged  NagS,  which  is  not  the  case.  In  two 
experiments, 

Ist.  A  finished  operation  yielded  : — 

162  black  ash  with  42°  Decroiz. 
73-8  soda  ash  with  88°  Decroiz, 

viz.    64-20  NagCOa  1  _ 

4-72  Na^O    /-^^^NagCOg 

112  NaaS 
206  Na2S04 

2nd.  A  prematurely  interrupted  operation  jrielded : — 
170  black  ash  of  32°  Deer. 
82  soda  ash  of  70°  Deer., 

viz.    48-60  Na^COg  1  ^^^ 

3-26  Na^O     /-54  2Na2C03 

0-85  NagS 
25-41  Na2S04 

In  order  to  prove  that  the  CO9  of  the  chalk  does  not  take  any 
part  in  the  formation  of  black  ash,  because  it  is  driven  off  at  the 
same  time  as  the  sulphate  is  reduced,  Kolb  tried  replacing  the 
chalk  by  quicklime,  and  obtained  almost  exactly  the  same  black 
ash  as  with  chalk.  Nor  is  the  COg  given  oflf  by  the  reduction  of 
the  sulphate  sufficient  for  supplying  that  of  soda  ash ;  for  by  expe- 
riments with  the  ordinary  black-ash  mixture  in  a  closed  crucible 
he  only  obtained  12*45  Na^COa  (inclusive  of  NaOH)  along  with 
85-30  NajS  and  1840  NagSOi.  He  concludes  that  the  COg  of  the 
fire-gases  is  the  principal  agent ;  the  same  mixture  which  yielded 
such  bad  results  in  a  crucible,  gave  excellent  results  when  it  was 
ignited  in  a  fireclay  pipe  and  CO9  conducted  through  the  pipe  during 
the  operation. —  Kolb's  experiments  (described  in  the  same  place) 
on  the  stirring  of  the  mass,  the  temperature,  the  kind  and  the 
excess  of  carbon  are  of  less  importance  for  the  theory  of  the  soda- 
process,  and  are  therefore  cited  each  in  its  proper  place.    As  the 
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final  result  of  his  work,  Kolb  states  the  following  three  equations^ 
representing  as  many  reactions  simultaneously  taking  place  in  the 
black-ash  furnace : — 

1.  Na2S04+2C=2C02+Na2S; 

2.  CaCOg  +  C=2CO  +  CaO; 

3.  Na2S  +  CaO+  (CO2  in  excess)  =NaaCOs  +  CaS. 

That  and  why  these  proportions  cannot  be  exactly  observed  in 
practice^  but  an  excess^  not  too  large^  of  chalk  and  coal  must  be 
employed,  has  been  sufficiently  explained  in  the  foregoing.  The 
CO  formed  according  to  the  second  equation  is  at  once  burned  into 
CO3 ;  but  Kolb  does  not  ascribe  to  this  the  well-known  flame  re- 
action at  the  end,  as  Scheurer-^estner  had  done,  but  to  the  action 
of  coal  on  finished  sodium  carbonate,  sodium  oxide  being  formed 
(NasCOa  +  C = NagO  +  2  CO) .  [This  last  portion  of  Kolb's  reason- 
ing rests  on  a  very  weak  foundation ;  for,  1st,  why  are  the  flames 
only  noticed  at  the  end,  if  there  is  a  formation,  and  consequently 
a  combustion,  of  CO  from  the  first  ?  2nd,  the  existence  of  sodium 
oxide  in  black  ash  has  never  been  proved ;  on  the  contrary,  Pelouze 
(/.  c.)  found  that  black  ash,  moistened  with  a  little  water  for  some 
time  so  that  any  NajO  must  have  been  converted  into  NaOH, 
yielded  no  NaOH  to  alcohol.] 

Kopp's  last  observations  (p.  438)  were  also  impugned  by  Scheurer- 
Kestner  (Compt.  Bend.  Ixiv.  p.  615) .  He  states,  in  accordance  with 
Kolb,  that  the  calcium-oxysulphide  theory  is  entirely  exploded ;  but 
he  controverts  Kolb's  assertion  that  the  calcium  carbonate  loses  its 
CO3  by  the  action  of  the  coal,  and  the  formation  of  sodium  carbo- 
nate is  only  possible  by  the  action  of  the  fire-gases,  and  that  in 
crucibles  no  black  ash  can  be  made.  He  on  his  part  obtained  very 
good  black  ash,  both  in  fireclay  and  platinum  crucibles ;  his  most 
convincing  experiments  were  made  with  porcelain  crucibles,  closed 
by  lids  tied  down  with  copper  wire  and  plunged  into  liquid  black  ash 
at  the  moment  when  a  ball  had  been  drawn.  Thus  they  were  heated 
to  the  proper  temperature  and  protected  from  the  fire-gases;  and 
after  the  cooling  of  the  ball  they  were  recovered  by  breaking  it  up. 
In  this  way  he  obtained  from  a  mixture  of  100  sulphate,  70  calcium 
carbonate,  and  17  charcoal  porous  lumps  having  the  appearance  of 
ordinary  black  ash,  which  on  lixiviation  yielded  soda  ash  containing 
sometimes  92  per  cent.  Na^COs.  It  is  consequently  established 
that  black  ash  can  be  made  in  crucibles  without  any  assistance  from 


THEORY  OF  THE  LEBLANC  PROCESS.  439 

the  fire-gases.  The  same  result  was  obtained  with  an  excess  of 
calcium  carbonate ;  and  the  soda  ash  was  free  from  caustic,  which 
proved  that  the  CaCOs  had  not  been  decomposed.  The  following 
experiments  directly  contradict  Kolb^s  statements : — ^Three  crucibles 
were  dipped  into  the  same  liquid  black  ash,  one  of  them  containing 
the  ordinary  black-ash  mixture,  the  other  pure  calcium  carbonate, 
the  third  a  mixture  of  50  grams  CaCOg  with  6  grams  coal.  After 
the  operation  the  first  crucible  contained  black  ash ;  the  contents 
of  the  two  others  were  unchanged;  consequently,  contrary  to 
Kolb's  assertion,  the  decomposition  of  calcium  carbonate,  even  in 
the  presence  of  coal,  must  require  a  higher  temperature  than  the 
reduction  of  sodium  sulphide.  It  is  quite  correct  that  black  ash 
can  be  obtained  with  quicklime  as  well,  not  merely  in  the  furnace 
where  the  lime  meets  with  sufficient  CO3  to  be  converted  into  car- 
bonate, but  also  in  crucibles,  where  the  reduction  of  the  sulphate 
by  coal  furnished  the  CO^ ;  but  no  caustic  soda  is  formed,  and  there 
is  consequently  no  reason  whatever  for  attributing  any  part  to  the 
CO2  of  the  fire-gases  in  the  ordinary  black-ash  operation.  The 
question  is  completely  decided  by  the  fact  that  on  directly  heating 
sodium  sulphide  with  calcium  carbonate  black  ash  is  obtained. 

According  to  Scheurer-Kestner  the  following  processes  go  on  in 
the  black-ash  furnace.  The  mixture  occupies  a  depth  of  several 
inches  on  the  furnace-bed.  Its  upper  portions  are  first  reduced^ 
and  that  to  a  considerable  extent  before  the  surface  is  renewed  by 
working  with  the  tooU.  The  quicklime  which  had  formed  in  the 
pasty  layer  at  the  surface  is  again  converted  into  carbonate  by  the 
COg  arising  from  the  reduction  of  sulphate  in  the  lower  layers.  At 
the  moment  when  the  sodium  sulphide  fuses,  it  penetrates  the  chalk, 
and  they  are  mutually  decomposed.  When  all  the  sulphate  has 
been  reduced  and  the  evolution  of  COs  becomes  less,  the  tempera- 
ture of  the  mass  rises  and  the  calcium  carbonate  in  excess  begins 
to  decompose  with  evolution  of  CO.  The  evolution  of  this  gas  is 
a  valuable  sign  for  marking  the  completion  of  the  operation.  Since 
it  only  occurs  when  the  mass  begins  to  stiffen,  it  imparts  to  it  that 
porosity  so  valuable  for  lixiviation.  If  the  carbon  required  for  the 
reduction  of  the  sodium  sulphate  and  the  decomposition  of  the  chalk 
be  taken  into  account,  the  reaction  maybe  expressed  by  the  follow- 
ing three  equations : — 

Phasel.  5Na8SO4+10C   =5Na,S-hl0CO3; 
„    2.  5Na5S-h5CaC08=5Na8C08+5CaS; 
„    3.  2CaC03  +  2C       =2CaO-f4CO. 
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[Of  course  in  the  third  phase  it  cannot  be  of  importance  that  jast 
two  equivalents  of  calcium  carbonate  be  decomposed;  less  than 
that  will  be  quite  sufficient.] 

The  author  confesses  that  he  considers  the  theory  of  the  black- 
ash  process  established  by  the  researches  of  Scheurer-Kestner^ 
which  have  never  been  refuted  during  the  last  ten  years,  and  that  he 
agrees  with  him  in  every  particular.  In  Mactear's  revolving- 
furnace  process  the  third  of  the  above-mentioned  phases  is  not 
carried  out,  but  replaced  by  the  direct  addition  of  quicklime. 

Mactear  has  latterly  (Chem.  Soc.  Joum.  1878,  xxxiii.  p.  475) 
tried  to  prove  that  in  the  reduction  of  the  alkaline  sulphates  by 
carbon  at  "  more  than  red  heat  ^^  CO9  is  not  formed,  but  merely 
CO,  and  that  even  at  a  dull  red  heat  about  1  mol.  of  CO  to  4  mols. 
of  CO2  is  given  off.  His  conclusion,  which  is  in  opposition  to  the 
above-stated  direct  experiments  of  Unger,  Gossage,  Scheurer- 
Kestner,  and  Kolb,  is  based  only  on  indirect  assumptions  from  the 
analysis  of  the  residue,  and  not  supported  by  any  analysis  of  the 
gases  evolved  in  the  process.  This  matter  has  been  thoroughly 
investigated  in  the  author's  laboratory  by  Mr.  J.  Arnold  Fischer 
(whose  research  will  be  published  in  extenso  hereafter),  with  the 
result  of  refuting  Mactear's  assertions,  if  these  are  intended  to  refer 
to  temperatures  similar  to  those  of  a  black-ash  furnace,  and  in  most 
parts  confirming  the  statements  of  the  previous  investigators.  His 
experiments  were  made  by  heating  a  mixture  of  pure  sodium  sulphate 
and  the  purest  carbon  obtainable  in  a  current  of  dry  nitrogen  gas, 
entirely  free  from  oxygen,  in  porcelain  tubes.  The  escaping  gases 
were  passed  through  absorbents  for  CO3  and  CO ;  and  the  residue 
was  carefully  analyzed.  Fifteen  experiments  were  made,  at  different 
temperatures,  viz. : — 1st,  between  the  melting-points  of  antimony 
and  aluminium ;  2nd,  between  the  latter  and  the  melting-point  of 
silver ;  8rd,  between  the  latter  and  that  of  copper ;  4th,  above  the 
melting-point  of  copper,  at  the  highest  temperature  obtainable  in 
the  porcelain  tube  by  a  coke  fire,  when  at  last  even  the  enamel 
softened  and  the  temperature  was  at  least  far  above  that  of  a  black- 
ash  ftLrnace.  At  a  good  red  heat,  but  below  the  melting-point  of 
silver,  the  formation  of  CO  was  extremely  slight,  as  shown  in  this 
table : — 
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(1)  Antimony  melted^  aluminium  not  melted. 

I.  n.         ni.        IV. 

C  as  CO  gas   trace  0  1-62  2-05 

O  „  CO, gas  4-36  1816  5267  74*66 

O  „  Na^CO,  (residue)  not  estimated  4*08  9*25  2*47 

0  unchanged  (     „     )  „  79'81  84-03  17*88 

(2)  Aluminium  melted^  silver  not  melted. 

V.  VI.  VII. 

CasCX)  0-79  014             129 

C  „  OOj 86-70  82-98           86-62 

O  „  NagCOa  2-91  196  not  estimated 

O  unclumged  10-67  18*56               „ 

Between  the  melting-points  of  silver  and  copper,  L  e.  at  a  tempe- 
rature very  similar  to  the  ordinary  heat  of  a  black-ash  furnace, 
sometimes  very  little,  sometimes  rather  more  CO  was  formed,  but 
never  beyond  one  seventh  of  the  CO,,  as  shown  by  the  following 
table : — 

vin.       IX.         X.         XI,         xn. 

CasOO 2-01  1-47  10-75  1171  898 

C  „  COa    82-25  8809  79-21  75-89  74-90 

O  „  NaaCO, 7-54  2-08  not  est.  8-28  6*41 

C  unchanged 7*70  7*80              „  4-01  6*14 

Nor  was  Mactear's  statement  confirmed  even  at  an  intense  white 
heat,  when  copper  was  readily  melted,  as  shown  by  this  table  : — 

XIII.  XIV.  XV. 

OasOO 9-69  0*60  0-40 

O  „  COa    8506  79-28  86*34 

These  experiments,  where  the  carbon  dioxide  was  collected  as 
such,  are  all  the  more  conclusive  as  other  experiments  proved  that 
pure  sodium  sulphate  was  completely  reduced  by  heating  it  to  the 
melting-point  of  silver  in  a  current  of  pure  carbon  monoxide, 
whereby  of  course  CO9  was  formed.  Along  with  the  principal  pro- 
duct, Na^S,  sodium  polysulphide  and  carbonate  were  always  formed, 
both  in  much  larger  quantities  at  lower  temperatures  than  at  higher 
ones.  AI90  sodium  sulphite  was  always  found,  but  not  in  large 
quantities,  and  independent  of  the  degree  of  heat  employed.  We 
may  therefore  take  it  as  established  that  tiie  principal  products  of 
the  decomposition  of  sodium  sulphate  by  carbon  are  (as  they  have 
hitherto  1)een  assumed  to  be)  sodium  sulphide  and  carbon  dioxide. 
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CHAPTER  VII. 

BLACK  ASH  AND  TANK-LIQTOR. 

Black  Ash. 

The  work  in  the  ball-furnace  is  tested  in  the  first  place  by  carefully 
examining  each  ball^  at  first  outside,  then  after  breaking  it  up.  In 
many  works  every  ball^  before  being  tilted  out,  is  weighed  in  its 
bogie  in  order  to  see  whether  any  large  portion  of  it  has  been  left 
behind  in  the  furnace.  In  all  cases  a  laboratory  testing  follows^ 
but  to  very  diflferent  extents  in  difierent  works. 

The  balls  ought  to  weigh  about  If  times  as  much  as  the  sulphate 
employed.  A  ball  made  from  3  cwt.  of  sulphate  ought  to  weigh 
from  4  cwt.  2  qrs.  21  lb.  to  4  cwt.  3  qrs.  14  lb.  Stohmann  (Kerl- 
Stohmann^s  Techn.  Chemie,  3rd  ed.  v.  p.  350),  experimenting  with 
16  hand  furnaces  and  one  revolver,  obtained  from  the  former,  with 
a  charge  of  100  sulphate,  975  dry  chalk,  and  59-1  coal : — 

Percent,  by  weight  (on  the  sulphate)...       154*8  1561  156*4 

Soluble  per  mille 4677  457*3  467 

Infloluble  per  mille   5810  6820  687 

Total 1048-7  1039*3  1054 

From  the  revolving  furnace : — 

(Charge  100  sulphate,  97'5  chalk,  55  coals) 

Percent,  by  weight  (on  the  sulphate)...       157*6  163*6  164*3 

Soluble  per  miUe 452  451  447*7 

Inaoluble  per  mUle  571  573  676*8 

Total 1023  1024  1024*5 

A  properly  made  ball  is  easily  detached  from  the  bogie.  In  the 
places  exposed  to  the  air  at  a  red  heat,  especially  at  the  surface 
projecting  from  the  bogie,  it  has  a  liver-brown  colour,  at  the  other 
surface  a  blackish-brown  one.     On  breaking,  a  good  ball  presents 
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a  slate-grey  colour  and  a  honeycombed^  almost  pumice-like  struc- 
ture ;  it  ought  to  be  as  homogeneous  as  possible^  with  only  a  few 
particles  of  coal  here  and  there,  but  no  black  streaks  (from  coal)  or 
white  ones  (from  chalk) ;  these  testify  of  bad  working.  Many  dis- 
persed particles  of  coal,  or  of  chalk,  prove  that  there  was  an  excess. 
The  colour  is  not  quite  so  satisfactory  if  it  has  any  pink  or  purple 
shade.  The  inside  of  a  ball  ought  to  be  all  of  one  shade,  except 
close  to  the  edge,  where  it  is  always  a  little  darker. 

Balls  which  on  the  outside,  before  breaking  up,  are  quite  black 
instead  of  slate-grey,  biai^kish  brown,  or  blackish  grey,  are  nearly 
always  very  bad.  Either  they  have  not  been  long  enough  in  the 
fire,  or  they  have  not  been  sufficiently  wrought.  In  this  case  on 
breaking  them  a  large  number  of  pieces  of  coal  are  noticed  all  over. 
Of  course  this  appearance  might  also  be  caused  by  too  much  coal 
in  the  mixture ;  but  then  all  the  balls,  and  not  a  few  only,  would 
show  it,  and  it  would  also  distinctly  come  out  in  the  furnace,  where 
the  coals  would  not  all  be  burnt  and  the  ball  would  not  become 
*'  clear.^'  As  the  more  coal  the  more  trouble  the  men  have  in 
clearing  the  ball,  there  is  little  fear  that  they  will  surreptitiously 
put  too  much  coal  in  the  mixture,  and  black  balls  can  only  be 
ascribed  to  bad  work  on  their  part, — ^provided  the  furnace  was  hot 
enough ;  for  otherwise  the  black  ash  never  becomes  *'  clear.^' 

Balls  which  on  the  outside  have  a  very  dense  appearance  and  pale 
pink  spots  are  very  suspicious ;  certainty  is  only  gained  by  breaking 
them  up.  In  the  worst  cases  they  are  brick-red,  in  milder  cases 
pink  or  purple  all  over  or  in  streaks.  This  always  comes  from 
overheating  the  ball  and  leaving  it  too  long  in  the  furnace,  and  is 
the  men^s  fault.  Such  red  or  burnt  balls  occur  much  more  readily 
if  the  mixture  contains  only  a  bare  sufficiency  of  chalk  than  if  the 
latter  is  in  excess.  Consequently  it  is  the  man^s  interest  to  use  as 
much  chalk  as  possible  in  the  mixture,  because  his  baUs  will  not  be 
so  easily  burnt ;  but  it  is  the  manufacturer's  interest  to  limit  the 
chalk  to  the  smallest  possible  quantity,  much  less  on  account  of  its 
price  than  because  all  the  more  soda  is  lost  in  an  insoluble  form 
the  more  chalk  has  been  used  for  the  mixture.  The  manufacturer 
will  therefore  have  to  make  out  by  careful  experiments  with  what 
minimum  of  his  chalk  or  limestone  good  balls  can  be  turned  out, 
and  will  fix  this  as  the  proportion  for  mixing;  the  furnaceman  cer- 
tainly will  then  have  to  be  much  more  careful  in  his  work  and  turn 
over  the  mass  much  better  in  order  not  to  leave  any  sodium  sulphide 
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(whicb  gives  the  red  colour)  ;  especially  he  will  have  to  bestow  the 
greatest  care  upon  observing  the  proper  moment  for  drawing  his 
ball — ^not  a  minute  too  soon>  lest  it  be  black,  nor  a  minute  too  late, 
lest  it  be  red.  With  more  chalk  the  transition  is  not  so  sudden, 
and  the  work  is  consequently  easier,  at  the  expense  of  the  yield  of 
soda  ash. 

Since  a  limestone  mixture  is  finished  more  easily  and  at  a  lower 
heat  than  a  chalk  mixture,  the  furnd,cemen  on  changing  from  one 
material  to  the  other  must  first  have  a  little  practice  before  they 
can  turn  out  good  balls.  That  burnt  balls  occur  much  less  fre- 
quently when  the  mixing-coal  is  cut  down  to  a  minimum,  has  been 
mentioned  before. 

A  burnt  (red)  ball  on  testing  always  shows  much  sodium  sul- 
phide, along  with  sulphate.  The  latter  may  arise  partly  from  the 
burning  of  sodium  sulphide,  partly  from  that  of  calcium  sulphide 
into  sulphate,  which  on  dissolving  decomposes  sodium  carbonate. 
Burnt  balls  are  also  too  dense,  and  cannot  be  completely  exhausted 
on  lixiviation.  Hargreaves  (Chem.  News,  xv.  p.  232)  ascribes  the 
red  colour  to  an  allotropic  modification  of  sodium  sulphide  which 
does  not  act  on  limestone ;  this  modification  is  not  converted  into 
sulphate  by  passing  chlorine  gas  through  a  solution  of  a  red  ball, 
but  decomposed  with  precipitation  of  sulphur. 

Scheurer-Kestner  (Bull.  Soc.  Chim.  1862,  i.  p.  172)  asserts  that 
the  red  spots  consist  principally  of  NagS^,  and  that  they  are  formed 
by  the  action  of  calcium  sulphide  upon  sodium  carbonate  at  a  high 
temperature : 

2CaS+Na2C03=Na4S2+2CaO  +  CO. 

According  to  experiments  made  by  Kolb  (see  last  Chapter) 
*^  burnt  '^  black  ash  of  a  brick-red  colour  contained  an  abnormal 
quantity  of  sodium  sulphide  and  caustic,  viz. 

10-6  Na,0     ;-«»3Na,CO, 

7-5  NajS 
0-2  Na4S04. 

According  to  him,  on  heating  the  ball  too  much  the  following 
happens :  if,  after  once  the  sodium  carbonate  has  been  formed,  the 
mass  is  heated  further  with  the  excess  of  coal  still  present,  anhy* 
drous  sodium  oxide  is  formed  and  CO  escapes,  giving  rise  to  the 
well-known  flames  (NagCOj+CssNajO  +2 CO) ;  nay,  even  metallic 
sodium  may  be  formed  and  evaporated.    Unless  the  mass  is  at  once 
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withdrawn  from  this  new  reaction,  the  sodium  oxide  decomposes 
calcium  sulphide^  so  that  CaO^  Na^S^  and  even  Na^S^  are  formed 
(Na^O  +  CaS  ^Na^S + CaO) .  The  Na^^S  is  afterwards  found  in  the 
liquor ;  the  lime  on  lixiviation  transforms  a  corresponding  quantity 
of  soda  into  caustic.  Kolb^s  theory  would  explain  why  in  the 
Pechiney-Weldon  process^  where  there  is  no  excess  of  coal  at  the 
end^  the  burning  of  balls  does  not  occur  in  spite  of  greater  heat 
and  longer  exposure. 

The  following  table  (by  Kolb)  shows  clearly  the  progress  of  this 
reaction  as  the  temperature  rises.  A.  mixture  of  100  Na<|S04, 
100  CaCOg^  55  Cj  gradually  heated  during  an  hour  from  900^  tq 
about  1170°,  gave  the  following  results  : — 

1.         2.  3.  4.  5.  6. 

(Silver  melted.)  (Copper  melted.) 

NuaCOa 100  14-2  25-8  140  70  02 

NajO 0-6  07  1-9  7-0  70  8-3 

NsaS 0-3  0*6  00  60  US  16'8 

NaSa OO  OO  01  OO  OO  OO 

NajSjOj    OO  OO  0-4  06  OO  lO 

NaaSO^ 26-6  23-2  103  3-5  32  lO 

The  temperature  close  to  the  melting-point  of  silver  consequently 
seems  the  most  favourable  for  the  success  of  the  operation ;  gene- 
rally, the  mass  ought  to  be  kept  between  the  Aising-point  of  bronze 
and  that  of  silver  (comp.  Fischer^s  direct  pyrometrical  estimations^ 
p.  394) . 

According  to  Hill  (Chem.  News,  xxx.  p.  35)  the  temperature  in 
the  cylinder  furnace  is  much  lower  than  in  a  hand-furnace;  and 
just  for  this  reason  the  black  ash  made  in  it  is  so  hard  and  dense 
that  it  cannot  be  lixiviated  without  the  presence  of  quicklime, 
which  on  meeting  with  water  is  slaked  with  an  increase  of  volume, 
and  thus  causes  the  balls  to  burst.  Probably  in  the  cylinder  fur- 
nace the  temperature  of  forming  quicklime  from  calcium  carbonate 
by  the  assistance  of  coal  is  barely  reached,  whilst  in  the  hand-fiir- 
nace  it  is  exceeded.  In  no  case  will  the  temperature,  under  normal 
conditions,  be  so  high  as  to  fuse  the  sodium  sulphate  itself;  and 
just  for  this  reason  the  hard  fluxings  from  decomposing-fumaces 
are  so  dif&cult  to  treat  in  the  black-ash  furnace.  This  also  explains 
why  in  the  still  lower  temperature  of  the  revolver  the  sulphate  must 
be  employed  in  a  state  of  fine  division. 

We  have  seen  before  (p.  372)  that  a  higher  temperature  is  advan- 
tageous for  the  destruction  of  cyanogen  compounds. 
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A  kind  of  balls  rarely  seen  iu  England^  but  more  frequently  on 
the  Continent^  are  white  ones.  These  are  caused  by  an  excess  of 
chalky  sometimes  by  insufficient  heat  in  the  furnace  inducing  the 
men  to  employ  more  chalk  in  order  to  prevent  the  balls  from 
becoming  red. 

Altogether  bad  are  those  balls  which^  because  they  have  not  been 
sufficiently  heated^  have  never  got  beyond  the  state  of  a  compara- 
tively thin  liquid^  have  become  stiff,  and  in  consequence  of  this, 
instead  of  exhibiting  a  uniformly  porous^  pumice-like  mass^  appear 
densely  fluxed,  mostly  much  too  dark,  or  purple,  in  the  fracture. 
Such  baUs,  in  England  called  soft  balls  (although  after  cooling  they 
are  much  harder  than  the  good  ones),  exhibit  in  the  laboratory  a 
bad  quality,  much  sulphate  and  sulphide  especially ;  and,  above  all, 
they  are  very  difficult  to  dissolve,  owing  to  their  dense  structure : 
either  a  considerable  portion  of  the  soda  is  lost  in  the  residues,  or, 
if  this  loss  is  sought  to  be  lessened  by  employing  hot  water,  a  lai^ 
quantity  of  sodium  sulphide  gets  into  the  liquor. 

Soft  balls  are  sometimes  not  owing  to  any  fault  of  the  fumaoe- 
man,  viz.  when  a  furnace  has  not  sufficient  draught  and  conse- 
quently cannot  be  made  hot  enough. 

The  black  ash  from  q/linder  furnaces  {revolvers)  has  a  very  dif- 
ferent appearance  from  that  made  in  hand-furnaces.  It  is  very 
dense  on  breaking-up,  not  porous,  and  externally  much  lighter. 
In  lixiviation  it  must  be  treated  in  quite  a  different  way. 

It  is  usual  for  the  foreman  to  take  a  piece  from  every  ball  of  each 
man,  fairly  representing  its  average  quality ;  and  this  is  taken  to  the 
laboratory  for  a  chemical  examination.  At  large  works  it  is,  of 
course,  impossible  to  test  every  single  ball ;  but  at  least  each  man's 
work  is  daily  tested.  At  many  works  each  sample  is  tested  alkali- 
metrically ;  by  itself  this  is  of  little  value,  since  the  worst  contami- 
nation, the  sulphide,  is  found  as  ^'  available  alkali.''  In  any  case, 
therefore,  the  sulphide  and  the  sulphate  have  each  to  be  estimated 
separately.  Very  accurate  analyses  are  out  of  place  here,  since  the 
information  gained  thereby  bears  no  proportion  to  the  time  em- 
ployed. In  daily  practice  it  is  simply  mipossible  to  draw  really 
exact  average  samples  of  each  ball ;  and  since  in  this  respect  a  very 
rough  approximation  has  to  suffice,  the  exact  analysis  of  the  samples 
obtained  has  no  meaning.  Altogether,  the  analysis  of  black  ash, 
which  is  not  an  article  of  trade,  in  daily  practice  can  only  be  use- 
ful as  a  means  for  checking  the  men.     A  practised  eye,  even  by 
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superficially  examining  the  balls  before  and  after  breakings  judges 
of  their  quality  with  a  considerable  amount  of  certainty;  and^ 
indeed^  this  examination  by  inspection^  to  which  all  balls  must  be 
subjected^  is  of  greater  importance  than  the  chemical  testings  inas- 
much as  the  ball  is  looked  at  all  over^  and  the  same  error  cannot 
happen  as  that  which  arises  in  chemical  testing  from  an  accidental 
divergence  of  the  sample  from  the  average  quality.  Moreover,  in 
regard  to  chemical  testing,  simple  and  expeditious  methods,  per- 
mitting a  large  number  of  tests  to  be  made,  are  much  more  useful 
than  more  accurate  but  tedious  ones.  From  this  point  of  view  the 
following  prescriptions  are  framed. 

Ten  grams  of  black  ash  are  pulverized  and  put  in  a  flask  con- 
taining up  to  a  mark  205  c.  c,  5  c.  c.  of  which  correspond  to  the 
volume  of  the  black  ash.  It  is  treated  with  tepid  distilled  water, 
and  then  shaken  for  a  quarter  of  an  hour,  so  as  to  dissolve  all  the 
soluble  constituents.  As  many  samples  have  to  be  treated  in  one 
day,  a  small  shaking-machine  for  a  number  of  bottles  at  a  time  is 
very  useful.  After  sufficient  shaking,  the  flask  is  filled  up  to  the 
mark  with  water,  and  the  liquid  is  allowed  to  settle  down,  which  is 
soon  done.  Now  the  clear  liquid  is  poured  off;  and  at  least  20  c.  c. 
(=1  gram  substance),  in  case  of  need  more,  is  employed  for  the 
following  tests.  It  is  rarely  necessary  to  test  for  carbonate  and 
daustic,  except  for  special  purposes.  The  general  alkalinity  is  best 
found  by  first  supersaturating  with  standard  acid,  then  adding 
litmus,  and  titrating  for  blue  with  standard  alkali ;  on  direct  titra- 
tion the  H2S  destroys  the  colouring-matter  of  litmus.  All  this  is 
avoided  by  employing  amidoazobenzene  or  a  similar  azo-compound 
as  indicator  (VoL  I.  p.  48);  in  this  case  sodium  carbonate  may  be  em- 
ployed as  the  standard  alkali.  Mostly  it  is  sufficient  to  test  forsodium 
sulphide  and  sulphate ;  sulphite  or  hyposulphite  in  fresh  black  ash 
only  occurs  in  traces,  if  at  all.  For  sodium  sulphide  an  ammoni- 
acal  decinormal  solution  of  zinc  nitrate  is  very  convenient ;  the 
end  of  the  reaction  is  found  by  placing  a  drop  of  the  liquid  on  a 
piece  of  filtering-paper  next  to  a  drop  of  an  alkaline  lead  solution. 
Each  c.  c.  of  the  zinc  solution  corresponds  to  O'l  per  cent,  (accu- 
rately 0*0975)  Na2S,  if  20  c.  c.  of  the  black-ash  solution,  contain- 
ing 1  gram  black  ash,  has  been  employed.  More  than  ^  per  cent, 
ought  never  to  be  present ;  if  that  amount  be  exceeded,  the  eye 
will  immediately  detect  a  pink  colour  in  the  black  ash. 

Even  more  accurate  than  the  zinc  process  is  that  of  Lestelle 
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(Compt.  Bend.  Iv.  p.  789)^  founded  upon  the  insolubility  of  silver 
sulphide  and  the  solubility  of  all  other  silver  compounds  in  am- 
monia. A  standard  solution  of  ammoniacal  silver  nitrate  is  made 
by  dissolving  27*69  grams  of  pure  silver  in  pure  nitric  acid,  adding 
250  c.  c.  of  ammonia^  and  diluting  the  whole  to  a  litre.  Each  c.  c. 
of  the  liquid  then  corresponds  to  10  milligrams  of  NagS.  The 
substance  to  be  analyzed  is  dissolved  in  water,  ammonia  added,  the 
liquid  heated  to  the  boiling-point,  and  the  ammoniacal  silver  solu- 
tion run  in,  drop  by  drop,  from  a  burette  divided  into  tenths  of  a 
c.  c,  which  causes  a  black  precipitate  of  Ag2S.  When  the  reaction 
is  nearly  finished,  the  liquid  is  filtered,  and  to  the  filtrate  silver 
solution  again  added,  till,  after  repeated  filtration,  a  drop  of  the 
clear  filtrate  is  rendered  only  very  slightly  turbid  by  the  reagent. 
If  the  quantity  of  sulphide  is  very  small  (for  instance,  in  calcined 
soda  ash),  the  silver  solution  must  be  diluted  to  one  half.  The 
process  is  rapid  and  exact ;  and  Fresenius  has  shown,  contrary  to 
Kynaston's  assertion,  that  it  yields  good  results  even  in  the  pre* 
sence  of  sulphites  and  hjrposulphites,  as  the  silver  solution  is  pre- 
cipitated by  Na2S,  before  these  salts  have  an  opportimity  of  acting 
on  the  silver. 

Undoubtedly  the  most  convenient  process  for  estimating  the  solu- 
ble sulphides  in  black  ash  is  the  titration  of  the  solution,  diluted  and 
acidulated  with  sulphuric  acid,  by  potassium  permanganate,  intro- 
duced by  Scheurer-Kestner  (R^p.  Chim.  Appl.  1863,  p.  19).  By 
this,  as  well  as  by  a  solution  of  iodine,  the  lower  oxides  of  sulphur 
are  oxidized  as  well ;  but  for  the  daily  practice  this  is  of  the  less 
consequence^  as  in  all  probability  these  oxides  are  formed  by  the 
action  of  atmospheric  oxygen  on  the  sulphide.  A  process  proposed 
by  Yerstraet  (Compt.  Rend.  Ix.  p.  848),  founded  upon  the  appli- 
cation of  cuprammonium  nitrate,  does  not  seem  to  offer  any  special 
advantages. 

It  is  even  more  important  to  test  for  sodium  sulphate  than  for  sul- 
phide in  black  ash,  since  it  is  not  betrayed  by  the  colour.  This  can  be 
done  with  extreme  rapidity  in  the  following  manner : — On  a  test-tube 
a  mark  is  made  for  10  and  another  for  20  c.  c.  (or,  better,  if  it  is  long 
enough,  one  for  20  and  another  for  80  c.  c.) .  The  black-ash  solution 
is  poured  in  up  to  the  first  mark,  supersaturated  with  pure  hydro- 
chloric acid,  a  little  barium  chloride  added,  and  the  tube  filled  to  the 
second  mark.  If  the  black  ash  was  very  well  made,  no  turbidity 
at  all  will  appear ;  a  slight  opalescence  does  not  matter  very  much ; 
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but  if  there  is  any  considerable  precipitate  f  ormed^  it  is  compared 
with  three  corked  test-tubes,  containing  1,  2,  and  4  milligrams  of 
Na2S04  with  HCl  and  BaClg  in  20  or  30  c.  c.  of  liquid.  These 
test-tubes  must,  of  course,  be  shaken  up  every  time  before  use. 
Should  the  precipitate  in  the  black-ash  solution  be  even  more 
copious  than  that  produced  by  4  milligrams  of  Na2S04,  the  liquid 
is  diluted  till  its  turbidity  corresponds  to  one  of  the  three  standard 
tubes,  the  volume  now  occupied  is  measured ;  and  thus  (roughly 
it  is  true,  but  with  practically  sufficient  accuracy)  the  percentage 
of  sulphate  in  the  black  ash  is  found.  Some  works  employ  Wild- 
enstein's  plan — titrating  with  standard  BaC!l2  solution  till  a  filtered 
sample  will  yield  no  more  precipitate  with  BaCl2.  The  result  is, 
of  course,  more  exact ;  but  the  time  taken  by  the  test  is  much 
longer  than  by  the  plan  above  indicated. 

The  testing  for  cyanides  will  be  described  afterwards,  in  treating 
of  tank-liquor. 

The  composition  of  black  ash  bas  been  very  frequently  examined ; 
and  we  give,  in  the  subjoined  table  (p.  450),  a  synopsis  of  a  number 
of  analyses.  But  we  must  point  out  that  most  of  the  published 
analyses  are  not  worth  much.  In  the  first  place,  with  but  few  of 
them  is  it  stated  whether  the  black  ash  has  been  examined  in  a 
completely  fresh  state  or  whether  it  has  been  exposed  to  the  air 
for  any  length  of  time  previous  to  analyzing  it — ^which  produces 
rapid  changes  in  it.  Then  it  must  also  be  remembered  that  on  the 
addition  of  water  considerable  action  takes  place,  and  the  consti- 
tuents of  black  ash  group  themselves  very  difierently,  according  to 
the  kind  of  action,  the  quantity  and  temperature  of  the  water,  and 
the  duration  of  the  treatment.  This  especially  holds  good  of  the  pro- 
portion of  sodium  hydrate.  Further,  most  analyses  take  no  notice 
of  the  established  fact  that  a  very  sensible  quantity  of  sodium 
compounds  is  always  present  in  insoluble  form ;  and  an  analysis 
not  showing  these  cannot  be  accurate. 

In  these  analyses  the  hypothetical  calcium  oxysulphide,  quoted 
by  some  authors,  but  now  generally  assumed  to  be  non-existent, 
has  been  accounted  for  under  its  constituents  CaS  and  CaO.  The 
silica  by  some  is  divided  among  the  bases,  by  others  stated  sepa- 
rately, but  is  of  course  never  to  be  understood  as  present  in  the 
free  state  (sand  being  given  separately).  Apart  from  calcium 
oxysulphide,  the  compounds  have  been  grouped  in  the  same  way 
as  is  done  by  the  analysts  themselves.    Beside  the  compounds 
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quoted  in  the  table,  a  number  of  other  but  unimportant  ones 
are  founds  coming  partly  from  the  brickwork  of  the  furnaces.  Of 
the  cyanogen  and  ammonia  compounds  we  have  spoken  previously ; 
they  have  been  very  rarely  estimated.  Scheurer-Kestner,  by 
treatment  with  alcohol,  obtained  from  100  grams  black  ash 
0'073  gram,  sodium  sulphocyanide.  In  mother  liquor  from  black 
ash  Nietzki  found  0*8  per  cent,  sodium  ferrocyanide  and  0*4  sodium 
sulphocyanide.  The  two  latter  are  apparently  formed  during  the 
dissolving,  since  cold  alcohol  only  extracts  sodium  cyanide.  The 
quantities  of  these  compounds  produced  in  the  manufacture  of 
soda,  and  hitherto  not  yielding  any  profit,  but  only  doing  harm, 
are  not  quite  inconsiderable ;  Nietzki  estimates  them  at  6^  tons  of 
sodium  ferrocyanide  and  3^  tons  of  sodium  sulphocyaoide  per 
annum  for  a  daily  make  of  15  tons  soda  ash.  Since  the  intro- 
duction of  the  Fechiney  process  the  cyanides  have  been  generally 
looked  for,  but  they  are  usually  estimated  only  in  the  black-ash 
solutions  (tank-liquor). 

Unger  found  the  following  rare  substances  in  the  black  ash  of 
Bingkuhl  (analysis  No.  1,  p.  450) : — 

Titanium   0*151 

Copper  and  molybdenum 0*025 

Phosphorus   0023 

Tantalium 0*017 

Muorine 0*014 

Barium 0*014 

Nickel,  cobalt  0013 

Manganese    0*013 

Lead  0*013 


Total . . .    0*283 

Further,  in  black  ash  there  have  been  found  selenium   (by 
Scheurer-Kestner),  arsenic  (by  Fresenius),  vanadium  (by  Bam- 
melsberg). 

The  following  analyses  by  Davis  (Chem.  News,  xxx,  p.  176)  are 
remarkable  for  the  minute  specialization  of  constituents  for  which 
exact  analytical  methods  are  not  known ;  they  have  at  any  rate  the 
merit  of  distinguishing  between  those  soluble  and  those  insoluble 
in  water,  and  also  of  taking  account  of  the  insoluble  soda. 
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Soluble  >- 

a. 

Sodium  carbonate  28*144 

„  oxide  6-860 

„  chloride 2808 

„  sulphate 0192 

„  sulphite 0151 

.,  hyposulphite 0*189 

„  sulphide 0*358 

„  aluminate  0*344 

„  sUioate    1*026 

„  cyanide  0*186 

„  Bulphocyanide   0*074 

Inaoluble: — 

Calcium  sulphide    29*504 

„      carbonate 12-657 

„      oxide 10*048 

Iron  sulphide 0*564 

Alumina  0*172 

Silica 1"095 

Magnesia 0*266 

Sodiumoxide  0*344 

Carbon 4*263 

Sand 1*237 

99*472 
Soluble  iron  sulphide 


b. 

c. 

81*807 

28*336 

5*614 

3*844 

2-574 

3101 

0*190 

3*037 

0-072 

0*853 

0*126 

0*163 

6*646 

0-752 

0-923 

0-914 

0*768 

0*043 

0-422 

0-021 

0-077 

28*744 

33-245 

9*272 

6-087 

9*488 

3*466 

0*774 

1-355 

1042 

0-624 

0*923 

3*973 

0-322 

0*146 

0*646 

0*577 

4*483 

4-958 

0*875 

0*842 

99-472 

99*641 

0105 

a  and  b  were  good  balls,  c  a  burnt  (red)  ball. 


Analyses  of  Balls  made  by  the  Pechiney-Weldon  process. 


AlkaU    

Na,S 

Na^S  to  100  alkali    .. 

Na^SO^ 

Total  NajSO^  after  "^ 

oxidation  

Ayaihible  alkali  in 

the  soda  ash 

Alkali  in  soda-waste.. 
Na,FeOy« 


Black  ash  made 

with  60  per  cent. 

mixing-coal. 


22-60  to 
0*28  „ 
M5  „ 
0-41 


1*85 


>t 


ti 


57-40  „ 
0-21    „ 


24-51 
0*38 

vm 

0*63 
2-24 

58*30 
0*37 


Black  ash  made 
with  77*8  lime- 
stone and  36*1  coal 
to  100  sulphate. 


24*25  to 
0*31    „ 

2600 
0-48 

018   „ 

"0*90 

0-88  „ 

•  •  •  • 

1*90 

0-19   „     0-23 
traces  „     O-06 


Black  ash  made 
with  85-3  lime- 
stone and  44*1  coal 
to  100  sulphate. 


23-00  to  26*26 


0-20 

0*18 
0*96 


i» 


t> 


»t 


0-14  ., 
traces  „ 


0*37 

0-90 
2*00 


031 
0*062 
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If  we  neglect  the  caustic  soda  as  such  and  add  it  to  the  carbo- 
nate^ as^  we  have  seen  and  shall  see  again^  we  are  quite  entitled 
to  do^  we  find  that  black  ash  on  the  whole  consists  of  36  to  40 
per  cent,  sodium  carbonate  and  varying  quantities  of  calcium  sul- 
phide^ oxide^  and  carbonate.  Besides^  among  the  soluble  consti- 
tuents occur  sodium  chloride  (due  to  the  sulphate),  and  undecom- 
{>osed  sulphate  (or  sulphate  re-formed  by  gypsum) — also  cyanogen 
and  sulphocyanogen  compounds  (due  to  the  nitrogen  of  the  coal), 
sodium  aluminate  and  silicate  (due  to  the  coal-ashes  and  the  brick- 
work), and  suudry  sulphur  compounds  of  sodium  with  more  or  less 
oxygen  (due  to  the  action  of  calcium  sulphide,  along  with  that  of 
atmospheric  oxygen,  during  the  lixiviation).  The  insoluble  minor 
constituents  mostly  require  no  explanation.  Ultramarine,  as  is 
well  known,  was  discovered  for  the  first  time  as  an  artificial  com- 
pound in  a  black-ash  furnace  (Tessaert  and  Yauquelin) ;  but  only 
a  few  chemists  indicate  it.  The  "  soluble  iron  sulphide  ^^  is  pre- 
sent as  ferro-sodium  sulphide,  which  colours  the  black-ash  solution 
yellow  or  even  dark  green  \  it  occurs  in  sensible  quantities  in  bad 
black  ash  only. 

Behaviour  of  Black  Ash  in  the  Air, 

Black  ash,  if  exposed  to  the  air  under  ordinary  circumstances, 
soon  exhibits  a  change.  This  subject  has  been  frequently  investi- 
gated most  explicitly  by  Kolb  (Ann.  chim.  phys.  Juin  1866,  p.  35) . 
Of  great  importance  in  this  respect  are  the  moisture  and  carbonic 
acid  of  the  air.  If  deprived  of  these  two,  air  acts  very  little  on 
black  ash  either  cold  or  at  100°  C. :  its  weight  increases  very  little ; 
and  its  composition  is  not  very  much  altered.  The  black  ash  the 
analysis  of  which  is  stated  in  the  table  on  p.  450,  and  which  was 
made  with  special  care,  yielded  on  being  dissolved  (a,  lixiviated  at 
once ;  b,  having  lain  for  a  month  in  the  ground  state  in  dry  air  free 
from  COj,  at  the  ordinary  temperature ;  c,  having  been  exposed 
for  a  month  to  a  dry  current  of  air  in  a  place  heated  to  100^  C. ; 
d,  having  been  heated  to  a  red  heat  for  four  hours) : — 

CL,  b,  e.             d. 

per  cent,  per  cent,  per  cent,  per  cent. 

Increaw  of  weight 040  OSl            8*6 

Sodium  oftrbonate   3856  d4-70  34*60  1900 

„      hydrate  3-30  6-70  570           510; 

sulphide 0*25  025  0*30           030 

sulphate 0-92  ...  24*30 


If 
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Evidently  the  air  at  a  high  temperature^  as  Pelouze  had  pre- 
viously found  for  temperatures  beginning  at  200^  or  800^  C.  (Ann. 
chim.  phys.  Ivi.  p.  311)^  acts  in  such  a  way  that  CaS  is  converted 
into  CaS04^  which  in  the  subsequent  treatment  with  water  is  de- 
composed by  NajCOs^  with  formation  of  Na^SO^.  The  black  ash 
ignited  in  the  air  is  brownish  white^  owing  to  the  coal  being  burnt 
and  only  the  colour  due  to  ferric  oxide  remaining.  This  shows 
that  black  ash  ought  not  to  be  l^pt  any  longer  than  necessary  in 
the  air  in  a  red-hot  state.  No  doubt  it  would  be  best  to  let  it  cool 
in  closed  boxes ;  but  this  would  be  too  troublesome^  and  is  not 
done  anywhere. 

Dry  carbon  dioxide  acts  as  little  on  black  ash  as  on  quicklime ; 
but  in  a  damp  atmosphere  of  CO^  the  black  ash  a  increased  in 
weight  by  82  grams^  with  considerable  evolution  of  HsS^  and  then 
yielded  a  lemon-coloured  liquor  containing  : — 

NajCOg 82-50 

Na,0 000 

Na«S 605 

Na^Sa 412 

Damp  CO)  consequently  first  converts  the  lime  into  carbonate^ 
so  that  no  NaOH  is  found ;  but  then  it  evidently  acts  upon  the 
calcium  sulphide  with  formation  of  CaCOj  and  H^S.  A  portion  of 
the  latter  escapes  in  the  gaseous  state ;  another  portion  with  CaS 
forms  soluble  Ca(SH)s^  which  on  Uxiviation  gives  rise  to  the  for- 
mation of  NajS  and  Na^S). 

In  the  absence  of  COs^  air  saturated  with  moisture  acts  thus : — 
100  grams^  exposed  to  it  for  a  month  at  15^  C.^  weighed  157*40 
grams ;  the  solution  contained 

NajCOs 28-70 

Na,0 6-92 

NajS 0  80 

Na8S04 6-27 

Na^S^Os... traces. 

Oxidation  had  evidently  taken  place^  as  on  igniting;  but  in  the 

latter  case  no  hyposulphite  can  be  formed^  because  it  does  not  stand 

2  a  red  heat.    According  to  E  olb,  not  much  of  it  is  formed  from  CaS^ 
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because  this  at  once  changes  into  CaS04  (?)^  but  from  NajS,  and 
consequently  mostly  from  burnt  balls^  which  contain  much  of  the 
latter.  Iron  also  may  cause  a  diminution  of  the  alkalimetrical  test 
of  black  ash.  This  may  contain  up  to  3  per  cent.  ¥e,  entirely  as 
oxide^  since  iron  sulphide  and  lime  on  ignition  yield  ferric  oxide  and 
calcium  sulphide.  But  in  the  presence  of  water^  first  ferric  hydrox- 
ide^ and  then^  from  this  by  CaS^  FeS  is  formed^  which  in  damp  air  is 
oxidized  first  to  ferrous  sulphate^  then  to  basic  ferric  sulphate ;  and 
the  latter  with  lime  and  calcium  sulphide  again  yields  Fes(OH)e  and 
FeS^  which  again  play  the  same  part  as  before.  Thus  a  small 
quantity  of  iron  may  ultimately  convert  all  CaS  into  CaS04  [but 
only  in  very  favourable  circumstances^  such  as  never  occur  in 
practice] . 

The  above  experiments  of  Kolb  (and  others)  fully  explain  the 
facts  observed  in  practice.    When  black  ash  is  exposed  to  moist 
air^  first  the  lime  is  hydrated ;  the  increase  of  volume  accompany- 
ing this  produces  cracks  in  the  balls^  so  that  they  fall  asunder.   The 
fragments,  if  exposed  to  the  air  for  a  longer  time,  divide  again  into 
smaller  pieces,  and  at  last  are  reduced  to  powder.    This  point  they 
ought  not  to  be  allowed  to  reach ;  for  whatever  may  be  gained  by 
the  lime  being  carbonated  and  thus  producing  less  caustic  soda,  is 
far  more  than  counterbalanced  by  the  disadvantage  arising  from  the 
above-described  oxidation  of  calcium  sulphide.    The  balls  ought  to 
be  left  only  till  they  have  sufficiently  cooled  down  to  be  conve- 
niently broken  and  handled  :  in  that  case  a  portion  of  the  lime  will 
be  slaked ;  and  this  will  facilitate  the  breaking  of  the  balls.     For 
this  24  hours  after  drawing  is  hardly  sufficient ;  but  two  days  are 
enough,  and  more  time  should  not  elapse  (although  Kolb  allows 
from  three  to  six  days),  because  the  heat  still  remaining  in  the  balls 
materially  assists  their  lixiviation. 

The  author  ought  to  state  here  that  he  was  assured  at  a  large 
and  well-managed  German  works,  producing  an  excellent  quality 
and  very  strong  alkali,  that  they  ascribed  this  to  their  allowing  the 
balk  to  lie  for  two  or  three  weeks  before  dissolving  lihem.    He  cane 
not,  it  is  true,  vouch  for  the  accuracy  of  this  ;  but  it  should  be 
mentioned  that  there  the  balls  were  not,  as  usual,  lying  on  an  open 
ball-bank,  but  stowed  away  in  a  dose,  box-like  place,  where  the 
air  had  very  little  access  to  them.      This  moat  take  much  manual 
labour. 
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On  keeping  for  a  long  time  in  ordinary  air,  containing  moistore 
and  CO),  black  ash  is  constantly  undergoing  change,  whereby  it  is 
deteriorated.  In  a  sample  which  originally  contained,  as  was  ascer- 
tained by  testing,  29  per  cent,  of  sodium  carbonate,  Erdmann 
(Wagner's  Jahresb.  1860,  p.  181)  found,  after  27  years'  keepisg, 
mere  traces  of  that  salt. 


The  Action  of  Water  tgfton  Black  Ash, 

one  of  the  most  important  questions  in  alkali-making,  has  also 
been  carefully  investigated  by  Kolb  {loc.  cit.) .  That  no  caustic 
soda  occurs  as  such  in  black  ash,  is  proved  by  its  not  yielding  any 
to  alcohol^  even  after  moistening  it  previously  in  order  to  convert 
NajO  into  NaOH  (Pelouze  and  Unger).  Eynaston  and  Scheurer- 
Kestner  had  shown  the  same  thing,  and  proved  that  its  presence  in 
tank-liquors  is  only  owing  to  the  action  of  lime  upon  NajCOs. 
Kolb  proved  this  farther  by  obtaining  the  most  varying  quantities 
of  caustic  from  the  same  black  ash,  by  varying  the  quantity  of 
water,  its  temperature,  and  the  duration  of  the  treatment.  This 
holds  good  still  more  of  sodium  sulphide,  of  which  in  good  black 
ash  only  traces  occur ;  but  on  treating  the  black  ash  with  water^ 
according  to  the  diflferences  of  treatment,  very  different  quantities 
appear.  Usually  only  monosulphide  dkn  be  met  with,  because  in 
the  presence  of  caustic  the  polysulphides  must  be  converted  into 
monosulphide. 

In  order  to  study  the  action  of  water  on  black  ash,  Kolb  em- 
ployed the  black  ash  mentioned  on  p.  453,  and  used  in  his  other 
experiments,  of  which  he  always  treated  100  grams, — 1st,  with 
varying  quantities  of  water  (350,  500,  1000,  and  2000  c,  c.)  ; 
2ndly,  for  varying  times  (6  hours,  24  hours,  a  week) ;  Brdly^  at 
diflferent  temperatures  (15°,  40°,  and  60°  C).  He  then  estimated 
the  percentage  of  NajCOs  in  the  liquid  and  the  caustic  and  sodium 
sulphide  formed  by  the  action  of  CaO  and  CaS.  His  results 
were  as  follows : — 
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From  this  the  following  conclusions  can  be  drawn  : — Ist.  The 
causticity  is  not  materially  influenced  by  the  quantity  of  water^  but 
increases  both  with  the  time  of  digestion  and  the  rise  of  tempera- 
ture. This  is  not  surprising^  since  &om  the  outset  enough  water 
is  present  to  complete  the  reaction.  2nd.  The  sodium  sulphide  is 
also  increased  very  little  with  an  increase  of  the  quantity  of 
water^  but  very  much  by  increasing  the  time  of  4igeBtion  and  rais- 
ing the  temperature.  3rd.  The  quantities  of  caustic  and  sulphide 
formed  have  no  relation  to  each  other;  the  decrease  in  sodium  car- 
bonate coincides  not  only  with  the  formation  of  caustic^  but  abo 
with  that  of  sulphide ;  the  latter  consequently  seems  to  be  formed 
from  the  carbonate^  not  from  the  caustic. 

In  order  to  discover  more  exactly  the  reactions  producing  sul- 
phides in  the  liquor^  Kolb  made  experiments  on  the  action  of  water 
on  CaS  by  itself^  aqd  in  the  presence  of  sodium  carbonate^  caustic^ 
and  limCj  partly  by  themselves^  partly  associated. 

One  litre  of  water  dissolved  in  48  hours : — At  • 

10*  18°  40*>,  60°,  90°,        after  2  hours*  boiling, 

016  0-23  0-30  0-48  0-33  0-27  gram  Oaa 

[Gossage  (Chem.  News,  vi.  p.  269)  calls  CaS  "insoluble*^  in 
water;  Scheurer-Kestner  (Compt.  Rend.  Ivii.  p.  1013)  found  that 
at  12°-6  C.  1  part  of  CaS  was  soluble  in  12,500  parts  of  watei  ] 

Sodium  chloride  makes  CaS  less  soluble;  on  adding  5  grams 
NaCl,  1  litre  of  water  dissolved,  at 

10°,  40°,  60°, 

007  018  042  gram  CaS. 

Sodium  sulphate  very  slightly  increases  the  solubility  of  CaS. 
Lime-water  makes  no  perceptible  difference.  In  any  case  CaS 
enters  into  solution  as  sulphhydrate  :    . 

2CaS  +2H40=Ca(SH)8+Ca(OH)8. 

This  conversion  takes  place  very  slowly,  even  when  CaS  is  boiled 
with  water.  By  itself  the  presence  of  lime  has  no  effect  upon  it ; 
but  it  has  an  effect  if  sodium  carbonate  is  present  as  well.  A  solu- 
tion of  caustic  soda  (3' 15  gram  Na^O  per  litre),  both  at  10^  and 
100^ C,  takes  up  mere  traces  of  sulphur  from  CaS;  equally  so 
solutions  containing  16*7,  42,  or  79  grams  Na,0  per  litre.  But  if 
these  stronger  solutions  are  digested  with  CaS /or  a  hnger  period. 
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say  48  hours,  at  temperatures  varying  from  40°  to  100°  C,  the 
reaction  CaS +2NaOH=sCa  (OH)  ^H-Na^^S  takes  place  all  the  more 
completely  the  more  concentrated  the  solutions  are.  Inversely 
Na^S  is  not  changed  by  quicklime. 

A  saturated  solution  of  sodium  carbonate  has  next  to  no  action 
on  CaS  j  but  the  decomposition  increases  with  its  dilution  as  well 
as  with  a  rise  of  temperature  and  the  time  of  digestion ;  it  is  greatly 
retarded  by  the  presence  of  caustic  soda^  as  well  as  by  that  of  lime^ 
which  produces  caustic. 

The  following  table  shows  the  particulars : — 


ObS  in  ezceflB  treated  with  1  litre 

of  an  aqueous  solution 

containing 

Of  100  partB  NajCO,  there  hare 

Tanished  by  conyersion  into  Na^S 

after  a  time  of  digestion  of 

Na^Oo,. 

NaaO. 

CaO. 

6  hours  at 
15°  0. 

48  hours  at 
16°  0. 

48  hours  at 
60°a 

grams. 
37 

grama. 

>  •  • 

grams. 

•  •  • 

4-75 

21-5 

32-5 

37 

■  •• 

5 

119 

9-2 

224 

80 

•  ■  « 

•  •  ■ 

1-25 

61 

17-0 

80 

•  •  • 

5 

0-71 

1-3 

14-0 

80 

5 

•  •  • 

0-68 

11 

11-2 

130 

*  •• 

•  •« 

0-51 

2-4 

3-2* 

ISO 

« •  • 

10 

traces. 

0-9 

31* 

285 

••• 

•  •  » 

0-20 

1-8 

4-8 

285 

10 

•  •  V 

traces. 

11 

3-4 

285 

•  •  « 

10 

traced. 

0-9              31 

From  his  investigations  on  the  action  of  water  upon  black  ash 
and  each  of  its  constituents^  Kolb  concludes  that^  in  order  to  get 
the  smallest  possible  quantity  of  caustic  and  sulphide  into  the 
liquors^  the  black  ash  ought  to  be  lixiviated  as  quickly  as  possible, 
with  the  smallest  possible  quantity  of  water,  and  at  the  lowest  pos- 
sible temperature ;  it  would  be  best  if  an  apparatus  could  be  invented 
by  means  of  which  black  ash  could  be  lixiviated  cold  within  a  few 
hours,  and  at  the  same  time  a  concentrated  liquor  were  obtained, 
which  would  then  be  almost  free  from  sulphide.    This  was  known 

*  After  2  hours*  boiling. 
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t9  practical  men  before  Eolb;  bat  the  accomplishment  of  his 
desiderata  is  almost  chimerical^  since  opposite  things  are  required, 
viz.  cold  lixiviation  along  with  9peed  and  with  concentration  of  the 
liquor. 

Pelouze  (Compt.  Bend.  bdi.  p.  315)  has  made  an  investigation 
similar  to  Kolb^s ;  but  his  paper  adds  nothing  of  importance  to 
Kolb's  labours,  and  is  of  greater  importance  only  as  an  argument 
against  the  calcium-oxysulphide  theory. 

lAxiviation  of  Black  Ash, 

In  the  childhood'  of  soda-making  the  black  ash  was  sent 
into  the  trade  just  as  it  came  from  the  furnace,  and  was  chiefly 
bought  by  the  soap-makers.  In  Marseilles  especially  it  was  made 
on  a  large  scale  for  this  purpose,  and  was  imported  thence  into 
London  in  that  form  up  to  1818  (Mactear,  Report  on  the  Alkali, 
&c.,  in  the  Glasgow  District,  p.  26).  In  England  it  was  known  as 
''  British  barilla,'^  and  usually  contained  10  or  12  per  cent,  common 
salt,  which  of  course  mostly  did  no  harm  to  the  soap.  From  what 
we  have  just  now  seen,  this  artificial  ''  barilla  ^'  could  not  but  de- 
teriorate continually  on  being  kept,  even  in  casks;  the  forma- 
tion of  sulphide  would  not  do  so  very  much  harm,  because  that 
would  still  saponify  the  fat ;  but  the  sulphate  was  a  dead  loss. 
Glass  also,  of  course  only  green  or  black,  was  made  with  black 
ash. 

For  good  reasons,  black  ash  has  long  since  gone  out  almost 
entirely  as  a  commercial  product,  being  still  sold  only  in  a  few 
places  in  France  to  neighbouring  soap-works.  It  is  always  sub- 
mitted to  the  process  of  lixiviation,  by  which  the  soluble  consti- 
tuents are  separated  from  the  insoluble—partly  in  order  to  obtain 
a  purer  article,  partly  to  prevent  both  the  re-formation  of  sulphate 
from  the  carbonate  and  other  injurious  effects  of  the  calcium  sul- 
phide. Lixiviating  appears  to  be  a  very  simple  affair ;  but  in  fact 
even  the  mechanical  portion  has  only  recently  been  perfected  so  as 
to  obtain  a  concentrated  solution  at  little  cost ;  and  the  process 
altogether  is  far  from  being  a  merely  mechanical  one^  since  the  in- 
jurious chemical  changes  in  the  mass  are  favoured  by  precisely  the 
same  circumstances  which  are  favourable  to  good  lixiviation,  vis.  a 
high  temperature  and  a  long  period  of  digestion.  Consequently 
^'e  management  of  the  lixiviation  requires  great  care  and  an  Intel- 
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ligent  and  attentive  workman^  lest  even  perfectly  good  black  ash 
yield  bad  liqaor. 

Even  with  the  best  will  and  all  exertions^  the  lixiviation  on  the 
large  scale  cannot  be  conducted  without  some  sulphate  being 
re-formed.  With  very  good  work  in  hand-furnaces  only  1  per  cent, 
of  the  sulphate  remains  undecomposed^  and  even  much  less  in 
revolving  furnaces ;  but  in  the  liquors  as  they  are  obtained  on  the 
large  scale^  in  the  majority  of  works  3  or  4  per  cent,  sulphate  (cal- 
culated on  the  salt)  is  founds  and  frequently  twice  as  much  if  any 
of  the  precautions  to  be  mentioned  are  neglected.  In  what  way  the 
sulphate  is  formed  in  this  case  we  have  already  seen ;  the  black 
ash  being  exposed  to  the  air^  and  especially  to  moist  air^  has  most 
to  do  with  its  alteration. 

Neither  can  the  formation  of  sodium  sulphide  be  entirely  avoided ; 
it  can  only  be  kept  within  bounds  by  using  all  care^  especially  by 
quick  and  not  too  hot  washing.  Usually  the  formation  of  caustic 
soda  occurs  at  the  same  time^  especially  in  dilute  liquors^  in  which 
soda  is  more  readily  causticized  by  lime. 

In  the  modem  system  of  lixiviation  the  black  ash  is  required  in 
rough  pieces^  and  only  broken  up  sufficiently  for  easy  handling ; 
the  crushing-rolls  or  pounding-mills  formerly  in  use  for  it  have 
vanished.  If  the  black  ash  is  porous  enough^  about  which  we  have 
seen  before^  the  lixiviating  liquid  penetrates  the  mass  much  more 
easily  in  the  rough  than  in  the  ground  state.  On  the  other  hand^ 
it  is  essential  that  the  pieces  be  firm  enough  to  keep  their  form 
for  some  time  during  lixiviation^  at  least  till  the  whole  mass  is 
quite  uniformly  penetrated  with  liquor.  The  demand  made  in  some 
treatises^  that  it  should  keep  its  shape  to  the  end  of  the  lixiviation^ 
is  impossible  to  fulfil ;  at  that  time  the  mass  has  settled  down  to 
three  fifths  or  one  half  of  the  original  bulk.  On  the  contrary,  good 
black  ash  will  always  go  down  so  far,  whilst  non-porous  black  ash, 
either  "  sofk'^  (».  e,  drawn  too  soon)  or  burnt  (i.  e,  drawn  too  late), 
does  not  go  down  in  the  tanks,  because  it  cannot  be  properly 
lixiviated.  Black  ash  made  with  limestone  is  not  so  easily 
lixiviated  as  that  made  with  chalk,  and  mostly  cannot  be  exhausted 
to  the  same  extent. 

Well-made  black  ash,  drawn  in  the  proper  state  of  pasty  fusion, 
is  honeycombed  by  the  gas-bubbles  escaping,  analogous  to  a  fer- 
menting loaf  of  bread,  because  the  gas  cannot  escape  imme- 
diately, owing  to  the  toughness  of  the  mass — and  thus  is  in  an 
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excellent  state  for  lixiviating.  It  is  only  necessary  to  wait  for 
48  hours^  when  the  mass  will  be  cool  enough  for  handling  (see 
p.  455) ;  it  is  then  broken  up  with  heavy  hammers  into  pieces 
of  the  size  of  a  child's  head ;  of  course^  among  these^  smaller 
pieces  are  also  obtained.  On  the  Continent  it  is  sometimes  found 
necessary  to  crush  or  grind  the  black  ash  if  the  furnaces  do  not 
go  hot  enough  and  consequently  '^  soft  ^*  balls  are  obtained^  <Mr 
from  the  large  furnaces^  in  wldch  they  are  easily  overheated — 
also  those  made  with  much  less  coal  than  in  England.  In  this 
country  not  even  revolver-balls  are  crushed^  but  only  broken  by 
hand. 

Such  dense  balls^  as  they  are  obtained  by  heating  too  little  or  too 
much^  even  after  prolonged  contact  with  water  leave  an  unchanged 
core  if  employed  in  large  pieces.  It  is  well  known  that  calcined  soda 
thrown  into  water  is  converted  into  a  stony  hard  mass  which  resists 
dissolving  for  a  long  time ;  the  same  takes  place  with  black  ash  if 
presented  to  the  water  in  hard  lumps. 

Where  the  black  ash  has  to  be  crushed  (for  instance^  that  from 
the  large  French  famaces)^  it  is  reduced  to  pieces  of  the  size  of  a 
walnut^  mostly  by  means  of  two  rollers  studded  all  over  with  blunt 
steel  teeth  of  the  shape  of  a  truncated  pyramid  at  distances  of  f  to 
1  inch ;  the  distance  between  the  teeth  of  the  two  rollers  is  \  inch. 
The  rollers  are  so  arranged  that  they  stop  if  too  large  or  too  hard 
a  lump  gets  between  them.  The  black  ash  falls  from  a  hopp^  onto 
the  rollers^  and^  after  crushing^  onto  an  oscillating  sieve^  where  the 
powder  is  riddled  off;  the  latter  is  spread  very  equally  all  over  the 
small  pieces,  so  that  these  act  as  a  filter  and  do  not  allow  the  powder 
to  be  washed  away. 

The  first  requirement  in  lixiviating  is,  of  course,  to  completdg 
exhaust  the  black  ash  and  at  the  same  time  to  obtain  as  eonca^ 
trated  a  liquor  as  possible,  so  as  to  save  expense  in  boiling-down ; 
and  this  at  the  same  time  fulfils  one  of  the  requirements  previously 
stated  as  necessary  for  proper  lixiviation.  But  this,  in  order  not  to 
damage  the  chemical  composition  of  the  liquor,  must  be  combined 
with  quick  work  and  a  moderate  temperature.  Experience  has 
shown  that  pretty  concentrated  liquor  may  be  left  in  contact  with 
black  ash  at  60^  C.  without  any  danger ;  but  weak  liquor  or  fresh 
water  acts  injuriously  on  partially  exhausted  black  ash  at  a  much 
lower  temperature,  forming  much  sulphide;  here  even  in  winter 
43^  (better  only  37^),  in  summer  82^  C.  ought  not  to  be  exceeded. 
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The  lixiviating  process  must  invariably  be  accommodated  to  this 
rule, 

A  very  important  distinction  in  the  kind  of  lixiviation  is  founded 
upon  whether  it  takes  place  with  the  mass  at  rest  and  the  liquid 
circulating^  or  with  the  mass  circulating.  Not  merely  is  the  con- 
struction of  apparatus  quite  different  in  the  two  cases^  but  also  the 
result.  With  the  mass  at  rest^  t.  e.  if  the  black  ash  always  remains 
in  the  same  vessel^  the  water  or  liquor  passing  through  it^  the 
mass  remains  open  and  porous  for  a  much  longer  time^  and  thus 
acts  itself  as  a  kind  of  filter,  so  that  much  clearer  liquors  are  ob- 
tained than  if  the  mass  is  moved  by  transferring  it  to  another 
vessel :  in  the  latter  case  it  soon  settles  down  to  a  very  dense 
and  not  easily  permeable  mud,  which  makes  the  labour  of  lixivia- 
tion much  more  difficult  and  requires  much  larger  quantities  of 
water  for  exhaustion. 

The  oldest  apparatus  for  lixiviation,  such  as  is  hardly  anywhere 
employed  now,  consisted  of  three  rows  of  iron  tanks,  placed  terrace- 
fashion  one  above  the  other,  each  of  them  provided  with  an  outlet- 
cock  a  little  above  the  bottom.  Fresh  water  was  run  into  the  top 
tier,  the  weak  liquor  from  this  into  the  second  and  then  into  the 
third  tier,  from  which  the  finished  liquor  was  run  off  at  the  bottom. 
Inversely,  the  black  ash  was  first  put  into  the  bottom  tanks,  where 
it  only  reached  up  to  the  level  of  the  cocks ;  after  the  liquor  from 
the  second  tier  had  become  quite  saturated  by  that  fresh  black  ash, 
the  same,  now  partly  exhausted,  was  shovdled  up  into  the  middle 
tanks^  then  just  in  the  same  way  into  the  top  tanks,  and  at  last  onto 
the  waste-heap.  Here  usually  the  fresh  water  was  not  heated ;  only 
the  last  liquor  was  heated  by  the  black  ash  charged  in  the  hot  state : 
and  it  cannot  be  denied  that  this  was  right ;  but  this  method,  appa- 
rently right  in  principle,  was  rendered  very  imperfect  in  operation 
by  the  transferring  of  the  mass  involving  a  great  deal  of  labour,  by 
the  dense  settling-down  of  the  same,  by  its  merely  superficial  contact 
with  the  liquid,  and  that  always  with  its  strongest  portion,  and  by  the 
muddy  state  of  the  liquor,  which  could  never  be  made  very  strong 
and  always  contained  much  sulphide. 

Much  more  perfect  was  the  apparatus  introduced  by  Cl^ment- 
Desormes,  founded  upon  the  well-known  principle  that  any  soluble 
substance,  such  as  salt,  sugar,  &c.,  dissolves  in  water  much  more 
quickly  if  placed  just  below  its  surface,  than  if  placed  on  the  bottom 
of  the  vessel.    In  the  latter  case  it  is  soon  covered  by  a  concen- 
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trated  solution,  preventing  its  contact  witb  the  water  higher  up,  and 
only  very  gradually  exchanging  its  contents  with  the  latter  by  dif- 
fusion, unless  agitated.  In  the  former  case  the  solution  formed  ti 
once  sinks  down,  so  that  fresh  water  constantly  gets  at  the  soluble 
body.  Upon  this  principle  Cl^ent-Desormes  placed  the  blad 
ash  in  perforated  ressels  just  below  the  level  of  the  liquid,  and  also 
in  other  respects  arranged  the  apparatus  for  methodic^  lixiviation. 
It  is  shown  in  fig.  192.     The  roughly  crushed  black  ash  is  put  into 

Rg.  193. 


sieves  aa  to  ee,  made  of  perforated  sheet  iron,  provided  with  loops 
at  the  top,  and  hung  upon  an  iron  rod  passed  through  these  in  the 
lixiviating  tanks  A  to  E,  so  that  they  dip  below  the  level  of  the 
liquid.  Usually  two,  sometimes  even  four  sieves  hang  in  one  of  the 
tanks  A  to  E.  These  tanks  are  mostly  placed  two  on  the  same 
level,  and  in  from  S  to  12  tiers,  each  a  little  higher  than  the  next. 
The  fresh  water  enters  first  into  the  top  tank  A ;  frt>m  this  it  rmu 
into  the  next  lower  tank  B  by  means  of  an  overflow-pipe,  so  that 
the  liquid  from  the  bottom  of  A  runs  in  at  the  top  of  B ;  and  thm 
it  passes  through  all  the  tiers  till  the  concentrated  liquor  at  last 
runs  into  the  settlers  F  F*.  In  this  way  the  liquors  of  different 
strengths  are  not  mixed,  but  the  strength  continuously  increases 
throughout  the  whole  set.  On  the  other  band  the  sieves  aa  toe  e, 
filled  with  black  ash,  are  first  put  into  the  bottom  tank  E,  after 
some  time  into  the  next  higher  tank  D,  and  so  forth ;  after  the  last 
sieves  have  been  in  contact  with  fresh  water,  they  are  allowed  to 
drain  (/)  j  and  then  their  contents  are  put  on  the  waste-heap. 
Here,  also,  the  strong  liquor  meets  fresh  black  ash,  the  fresh  water 
nearly  exhausted  ash,  and  the  soluble  portions  are  gradually  ex- 
tracted in  a  methodical  way.      The  transferring  of  the  sieves  is 
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each  t^  \«tn'Telling  pulley  or  wiach,  wbich  can  be  placed  over 

are  he^*    A  steam-pipe  runs  alongside  the  tiers  of  tanks ;  these 

moK.  !n^  S^fd^aUy,  more  so  as  the  liquor  descends  and  becomes 

e  oon^ntrated.     Each  sieve  holds  from  i  to  1  cwt.  of  black 

or  50  «   V.  **""  °^  ^^'^  "^^  *°  ^  lixiviated  in  24  hours  40 

nunnte!  •  "®?*  "*  required.  Mostly  the  sieves  are  left  25  or  30 
one  •  Jitu  iT  •  **°^  ''®''°'*  ^^'°S  transferred  to  the  next  higher 

aiTiCed  t  *if  "^''*'  '*  ^^"^  *'*^  ^^^^^  ^°^"  ^«^°™  *  «i«^«  ^ 
plane  •  it'  *^  *°^'  ^^'^  ^*  "  aUowed  to  drain  on  an  inclined 
that  a'a,-    "  lu     ^^^^  V  another,  and  so  forth.    Each  time 

volume  T  ^'*^'^  ''^"'''^  ^^  "  P^*  »°'  »^'^*  *^<*  ^'^^  8»"« 

settler-  k  ^^^^  w  run  in  at  the  top.     There  must  be  a  series  of 

cZ.^T"  '^'  "^'^°"  ^'^  very  muddy, 
^ance       '"^"^^''^  system  was  soon  generaUy  introduced  in 
and  bet^   Germany,  and  was  there  given  up,  for  the  much  simpler 

erroneoMl^  ^^fj  o  ^°^  "^  '"®'  ^^^^  ""<^  1^^'  ^^^'^  *^«  ^***«''' 
Hofmann'   P         Shanks's  plan,  became  more  generaUy  known  by 

The  form  *  ^^^  °^  *^®  ^^^  on  the  International  Exhibition, 
exhausts  th  'ki*^u  ^^*™*^®«  concentrated  liquors  and  completely 
°*"  the  siev  ii^  '"^'  ''"*'  °^™8:  to  the  frequent  moving  about 
especiallv     f     ®,*®^""ent  settles  down  into  a  very  dense  mass, 

*te  partj.]!     f    u    *'®^®*  ^^^  ^^"^  ^^*^  °"*  °^  *^®  ^'^^^  ^^ 

Jnimersion  hi  liJiA^  T^  T  ''°  ^°°^®''  P"'i»lly  supported  by 

I'xiviation  i„       T '  *^  ^^'J'  muddy  liquors  result,  and  the 

treatment  La"     W"^^^^'  <^™PeJli°g  frequent  repetition  of  the 

^ad  liquors         ^'^^'P^^'^tion  of  apparatus,  and  finally  producing 

8tant  chanain      e  T^"*  '*  **'®  ^®**  amount  of  labour  for  thecon- 

o^t  of  the  hnjf      2®  ''^''^  *°^  *^®  frequent  cleaning  and  boring- 

170  sieves  ani  «  ^*  *°°*  °^  ^1'^''  ^^^  P«'  diem,  e.  g.,  160  or 

single  EnrfSh  kT*  ^^  ''^  ^^^  "^^  ^  ^^  °^S^*)  are  required.     A 

apparatus  also  t,t  "^^  ^""^^  '^"^^  ^^  sieves.    Clement's 

quu-es  denser  bh!^?  "^  '^"*'*'  '*^°''    '^'"'^  '""^  ^^  lixiviation  re- 

»>ade  with  less  Z)       J  *^*^^®  ***  ^**^  *°  Powder;  it  must  be 

colour,  along  with7^°*V"^®^  to  this  a  much  lighter,  often  yeUow 

It  is  rem    V  t    °^^     hardness, 
described,  hw  token  **'  *''*  modem  style  of  Uxiviation,  now  to  be 
«P»te  of  its  T,ein„  ^1,^*  ^'^^  **™e  ^°'  ^*®  general  introduction,  in 
rational,  and  perf^t  to    *^*^a^®«*  to  erect  and  the  simplest,  most 

viating  process,  after  A  "w  *'         ■*•*  ^**  ^'^^^  ^  **^^  i*  Shanks's  lixi- 
VOL.  n.  •  '^'  tlofrnann,  in  his  Report  by  the  Juries, 
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p.  22,  upon  the  authority  of  Mr.  Grossage,  had  unconditionally 
claimed  the  honour  of  its  invention  for  the  late  Mr.  James  Shanks 
of  St.  Helens.   Muspratt  had  previously  asserted  (in  his  Dictionary, 
ii.  p.  926)  that ''  he  knows  it  as  a  foreign  invention  which  was  intro- 
duced by  Mr.  C.  T.  Dunlop  into  the  St.-Rollox  Chemical  Works 
about  the  year  1843  ;^^  but  Hofinann^s  statement  was  almost  uni- 
versally credited.      This  cannot  be  done  now,  since  Scheurer- 
Eestner  (in  the  '  Bulletin  de  la  Society  industrielle  de  Mulhouse/ 
Feb.  28th,  1868)  has  completely  elucidated  the  matter,  and  proved 
Muspratt's  statement  to  be  substantially  correct.     He  reports  that 
in  October  1856  he  had  visited  Messrs.  Tennants'  works  on  a 
journey  to  Scotland,  in  company  with  Mr.  Gundelach,  of  Mann- 
heim.    Mr.  Dunlop  then  showed  to  them  the  apparatus  working 
by  displacement  of  the  liquor,  ^'t^/  in  the  same  form  as  to-day  ^  and 
stated  to  them  that  it  had  been  at  work  for  more  than  ten  years 
(this  agrees  with  Muspratt's  year,  1843) ;  moreover  Mr.  Dunlop 
told  them  that  he  had  constructed  the  apparatus  in  consequence  of 
advice  given  him  by  Mr.  Gundelach  on  a  previous  visit.   Mr.  Gun- 
delach himself  now  informed  Mr.  Scheurer-Kestner  that  the  ori- 
ginal idea  had  been  given  to  him  by  the  well-known  physicist. 
Professor  Buff  of  Giessen,  who  a  few  years  before  had  made  a  few 
experiments  with  it  at  Kestner's  works  at  Thann,  to  which  no  fur- 
ther development  was  given ;  on  the  strength  of  these  Mr.  Gunde- 
lach had  given  that  advice  to  Mr.  Dunlop.   After  this  testimony  of 
Scheurer-Kestner,  founded  on  direct  personal  inspection  and  oral 
evidence,  it  is  not  possible  to  doubt  that  the  present  generally  prac- 
tised methodical  plan  of  lixiviating  was  first  proposed  by  Buff,  and 
practically  carried  out  by  Dunlop,  probably .  many  years  before 
Shanks  had  introduced  it  in  Lancashire,  possibly  independently, 
although  it  is  difficult  to  suppose  that  he  had  never  seen  or  heard 
of  the  St.-Bollox  plant. 

In  any  case  it  is  singular  that  the  Buff-Dunlop  apparatus,  which 
about  1860  was  probably  the  only  one  employed  in  England,  has 
made  its  way  abroad  so  very  slowly.  Scheurer-Kestner  introduced 
it  at  Thann  soon  after  his  return,  in  1858 ;  but  he  was  not  followed 
by  the  other  French  alkali-makers.  In  the  last  edition  of  Payen'a 
*  Precis  de  Chimie  industrielle^  (1877),  the  Clement-Desormes  ap- 
paratus is  described  at  length,  whilst  to  that  cited  as  Shanks's 
apparatus  only  eight  lines  are  given.  In  Belgium,  in  1864, 
according  to  Chandelon,  none  but  Clement's  apparatus  was  in 


BLACK  ASH.  467 

existence.  In  Germany  Gundelacli  introduced  the  Bnff-Dunlop 
plan  in  1858^  at  the  Mannheim  works^  hut  apparently  had  no  suc- 
cessors till^  in  1865^  Schaffner  introduced  it  at  Aussig ;  and  not 
till  after  that  date  was  it  generally  adopted  in  Germany  and 
Austria.  The  last  apparatus  of  Clement's  in  Germany  was  only 
abandoned  in  1877^  and  in  France  probably  about  the  same  time. 

The  BuflF-Dunlop  lixiviating  system  retains  from  Clement's  the 
disposition  of  the  mass  as  nearly  as  possible  just  below  the  level  of 
the  liquid^  also  the  methodical  meeting  of  fresh  mass  with  almost 
concentrated  liquor  and  of  nearly  exhausted  mass  with  fresh  water; 
but  it  adds  a  principle  of  decisive  importance^  viz.  that  of  allowing 
the  mass  to  rest  in  the  same  place  till  it  has  been  completely  ex- 
hausted^ and  causing  only  the  liquid  to  circulate  so  as  to  be  gra- 
dually increased  in  strength  as  it  comes  into  contact  with  the  black 
ash  in  the  inverse  order.  By  allowing  the  black  ash  to  remain 
always  in  the  same  place  till  it  is  completely  exhausted^  when  it  is 
cast  out  and  put  on  the  waste-heap^  its  porosity  is  retained  much 
longer ;  and  even  after  the  pieces  have  long  lost  their  shape  and 
have  been  turned  into  a  more  or  less  coarse  powder^  the  latter  never 
settles  down  so  densely  as  in  Clement's  sieves^  because  it  always 
remains  submerged  in  the  liquid^  and  a  portion  of  its  weight  is  con- 
sequently supported  by  the  latter.  For  this  reason  alone  a  much 
smaller  number  of  tanks  and  much  less  time  suffice  for  the  lixi- 
viation ;  and  there  is  an  enormous  saving  of  labour^  as  will  be  clear 
without  any  explanation.  One  man  by  day  and  one  by  night  can 
lixiviate  the  make  of  five  or  six  black-ash  furnaces^  i.  e.  from  30  to 
36  tons  of  black  ash — of  course  without  filling  and  casting  out  the 
mass^  which  takes  about  one  man  per  furnace.  Another  very  impor- 
tant advantage  of  never  allowing  the  black  ash  to  emerge  from  the 
liquid  is  this — that  no  moist  calcium  sulphide  is  oxidized  to  sulphate 
by  the  atmospheric  oxygen^  which  would  cause  a  loss  of  soda. 

According  to  Chandelon  (Monit.  Scient.  1864,  p.  52),  the  ex- 
pense of  lixiviation  by  Clement's  apparatus  in  1864  amounted  to 
5  francs  per  ton  of  black  ash,  against  72  centimes  with  Shanks's 
system  in  England,  in  spite  of  the  higher  rate  of  wages  paid 
there. 

The  principle  that  the  mass  should  remain  at  rest  involved  an- 
other. It  was  no  longer  possible,  as  in-  all  previous  systems  of 
lixiviation,  to  cause  the  locomotion  of  the  liquors  by  a  difierence 
in  the  level  of  the  tanks ;  for  since  all  the  tanks  are  filled  with 
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the  same  fresh  balls^  they  must  all  be  placed  at  the  same  level 
and  each  tank  must  pass  through  all  stages  of  lixiviation — that 
is^  serve  as  firsts  second^  and  last  for  the  admission  of  water; 
there  must  be  a  true  system  of  circulation.  This  might  be  attained 
by  pumping  the  liquor  from  the  bottom  of  one  vessel  to  the  top 
of  another.  This  is  actually  done  in  some  cases^  e.  g,  in  wet 
copper-extraction^  in  Schutzenbach^s  beet-sugar  maceration  pro- 
cess^ &c.^  by  means  of  injectors^  centrifugal  pumps^  &c.  In  the 
soda-manufacture^  however^  and^  following  its  example^  in  many 
other  cases^  the  circulation  of  the  liquid  is  caused  without  any 
mechanical  assistance^  simply  by  its  hydrostatical  pressure.  Sin- 
gularly enough^  this  matter^  extremely  simple  as  it  is^  is  wrongly 
explained  in  Hofmann^s  Report  by  the  Juries^  p.  23.  There  the 
principle  of  the  liquor-motion  is  reduced  to  the  fact  that  solu- 
tions become  heavier  as  they  become  richer^  and  that  any  given 
column  of  a  weak  solution  is  balanced  by  a  shorter  column  of  a 
dense  one.  Hence^  in  a  series  of  horizontally  disposed  lixiviating 
vats  the  water-level  will  be  lower  in  each  successive  vat,  viz.  highest 
in  that  receiving  pure  water,  lowest  in  that  containing  saturated 
liquor.  Thus,  though  the  vats  themselves  be  horizontal,  a  ''  work- 
ing declivity  ^^  of  from  12  to  15  inches  is  stated  to  be  gained. 
Now  a.  declivity  of  course  exists,  but  not  a  '^  working  "  one ;  the 
liquor  cannot  flow  from  the  weaker  tanks  to  the  stronger  ones^ 
although  their  level  may  be  very  different,  if  this  difference  is  only 
caused  by  that  in  the  specific  gravities  of  the  solutions.  Accord- 
ing to  the  law  of  communicating  tubes,  the  liquid  cannot  run  out 
of  the  stronger  limb  (or  tank)  unless  the  level  of  the  liquid  in  the 
weaker  limb  is  ^iiUlhigher  than  corresponds  to  their  relative  densities. 
Hence  in  vessels  of  equal  height  and  placed  at  the  same  level  the  prin- 
ciple cited  by  Hof  mann  could  only  be  employed  for  forcing  the  liquid 
from  the  stronger  to  the  weaker  vessel,  because  at  equal  height  there 
is  a  pressure  from  the  stronger  towards  the  weaker  limb.  But 
since  just  the  contrary  is  needed,  viz.  a  current  from  the  weak  tank 
towards  the  strong  one,  and  since  in  the  connecting  tubes  &c.  a 
certain  amount  of  friction  has  to  be  overcome  by  a  corresponding 
pressure,  the  tanks  must  be  made  higher  and  those  openings  from 
which  the  strong  liquor  issues  must  be  made  low  enough  to  satisfy 
not  merely  the  difference  of  level  between  the  water  and  the  strong 
liquor,  but  also  the  pressure  required  for  overcoming  the  friction. 
The  head  of  water  between  the  top  of  the  tank  and  the  lateral  exit- 
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opening  is  the  real  moving  principle ;  if  it  is  made  too  low^  or  if  by 
a  partial  obstruction  of  the  connecting-pipes  the  friction  is  increased^ 
the  weak  tank  will  run  over  before  the  strong  one  begins  to  run. 
This  latter  accordingly  runs  not  because^  but  although  the  level  of 
the  liquid  in  it  is  lower  than  in  the  weak  tank. 

Sometimes  the  strong  liquor  is  not  run  off  sideways,  but  by  the 
bottom  cock ;  this  is  the  case  in  nearly  all  published  diagrams,  and 
on  the  Continent  is  usually  found  in  practice  as  well.  This  arrange- 
ment, as  is  easily  seen,  has  nothing  to  do  with  the  explanation 
given  by  Hofmann;  here  also  the  principle  of  communicating 
tubes  is  the  only  one  employed.  But  it  has  this  drawback,  that  the 
outlet-cock  must  be  regulated  exactly  to  suit  the  inlet-cock ;  and 
this  must  be  repeated  for  each  change  of  either  one  or  the  other, 
lest  either  the  last  tank  get  empty  or  the  first  one  run  over.  If,  as 
shown  in  the  following  description  at//^  separate  run-off  pipes  are 
provided,  starting  from  the  bottom  and  ending  laterally,  nothing 
else  need  be  done  than  regulating  the  inlet  into  the  first  or  "  weak  ^^ 
tank,  and  at  the  same  time  as  much  descent  is  gained  for  the  liquor 
as  corresponds  to  the  difference  of  level  between  the  bottom  cock 
and  the  lateral  outflow. 

In  figs.  193  to  195  a  set  of  lixiviating  tanks  (or  vats,  as  they  are 
usuaUy  called  in  Lancashire),  such  as  is  actually  used  in  practice, 
is  shown  on  scales  of  ^  and  ^. 

We  show  four  tanks ;  this  is  the  minimum  number,  and  at  the 
same  time  that  mostly  met  with ;  rarely  are  there  upwards  of  six 
tanks  in  a  set,  unless  the  lixiviation  is  combined  with  Mond^s  sul- 
phur-recovery process  (see  Chap.  XI Y.).  Usually  the  tanks  are, 
as  drawn  here,  not  separate,  but  formed  of  a  long  tank  divided  into 
compartments  by  partitions.  Each  of  these  tanks,  7x7x6  feet, 
holds  20  or  at  most  24  balls  of  3  cwt.  each  of  sulphate.  As  from 
one  charge  to  the  other  48  hours  must  be  reckoned,  this  set  can  at 
most  accommodate  the  make  of  two  ball-furnaces  yielding  24  balls 
per  diem.  In  large  works  the  tanks  are  mostly  made  much  larger : 
those  of  10  X 10  X  6  feet  hold  48  or  50  balls ;  and  five  of  them  can 
serve  as  many  ball-furnaces.  It  is  advisable  in  any  case  to  have  a 
certain  excess  of  lixiviating-space,  and  not  to  hurry  the  '' casting '' 
too  much ;  otherwise  the  waste  will  be  often  found  to  be  incom- 
pletely washed. 

Very  commonly  the  tanks  are  placed  on  the  ground-level,  partly 
on  account  of  their  weight,  partly  to  save  hoisting  up  the  black 
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ash,  wliicli  would  take  much  more  time  than  pumping  the  liquors. 
Sometimes  they  are  even  found  iSunk  in  the  ground,  which  certainly 
keeps  them  very  warm  in  winter.  But  a  higher  situation  has 
the  advantage  that  any  leaks  can  be  easily  discovered  and  that  the 
waste  can  be  got  out  more  conveniently.  The  special  requirements 
of  each  factory  will  have  to  decide  here.  In  any  case  the  tanks 
should  rest  upon  pillars  of  such  height  that  they  can  be  examined 
for  leaks  from  time  to  time. 

The  tanks  are  fitted  up  as  follows  : — ^They  are  made  of  ^-  to  f - 
inch  boiler-plate,  with  their  edge  stiflfened  by  an  angle-iron  or 
something  like  it;  very  large  tanks  are  further  protected  against 
bulging  of  their  sides  by  iron  stays,  bent  down  at  the  ends  and 
dropped  into  loops  riveted  to  the  tank-sides.  Near  the  bottom  of 
each  tank  the  T-irons  b  b  are  riveted  on ;  their  upper  flat  portion 
is  3  inches  wide  and  6  inches  distant  from  the  tank-bottom ;  they 
serve  for  supporting  the  false-bottom  plates  c  c.  If  the  tank-bottom 
is  made  to  slope  forward,  the  T-irons,  which  must  be  quite  hori- 
zontal, at  the  back  end  are  only  3  inches  above  the  bottom.  Along 
the  two  sides  angle-irons  V  V  run,  likewise  as  a  support  for  the  per- 
forated plates.  Formerly  in  lieu  of  perforated  wrought-iron  plates 
cast-iron  ones  were  used ;  but  these  have  been  mostly  abolished, 
because  they  are  quickly  broken  and  spoilt,  whilst  wrought-iron 
plates  stand  very  well.  The  plates  are  cut  to  suit  the  size  of  the 
tank, — not  too  large,  so  as  to  be  easily  handled,  as  they  have  to  be 
taken  out  every  time  on  emptying  a  tank.  They  are  about  f  inch 
thick,  and  contain  holes  ^  inch  in  diameter,  and  3  to  4  inches  fit)m 
centre  to  centre. 

Each  of  the  tanks  contains  two  overflow  pipes  (not  one  as  in  the 
published  drawings) ,  one  of  which  serves  for  weak  liquor,  the  other 
for  running  oflf  the  strong  liquor.  The  former  are  in  fig.  193  marked 
by  e  6 ;  and  in  fig.  196,  a  shows  one  on  an  enlarged  scale ;  the  latter 
are  marked//,  and  in  fig.  196  b  shown  separately.  They  are  only 
distinguished  by  the  position  of  the  plug,  which  is  lower  in  the 
second  kind.  They  are  cast-iron  pipes,  about  4  inches  wide,  a 
little  wider  in  the  upper  part ;  the  place  where  the  pipe  widens  out 
is  conically  bored  out ;  and  in  this  place  a  conical  plug  k  closes  the 
pipe.  The  joint  is  either  made  tight  simply  by  the  plug  being 
turned  in  the  lathe  and  ground  into  the  seat,  or  a  groove  is  turned 
round  the  plug,  into  which  tarred  spun  yam  is  put ;  the  former  is 
preferable.     Above  the  plug-seat  the  pipe  has  a  side  branch,  which 
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is  bolted  to  one  side  of  the  tauk^  perforated  to  suit.  The  whole 
pipe  passes  through  a  hole  in  one  of  the  sieve-plates  c,  and  stands 
on  the  tank-bottom ;  the  liquor  can  enter  into  it  through  nicks  cut  in 
its  lower  end.  If  the  plug  k  of  the  pipes  e  a  is  taken  out^  the  tank^ 
say  a^f  communicates  with  a^ ;  the  liquor  rises  from  underneath 
the  false  bottom  of  a^  in  the  pipe  e  and  overflows  higher  up  into  a". 
In  the  same  way  a"  is  connected  with  a"^,  and  a"^  with  a^^ ;  but 
as  each  tank  has  to  be  alternately  firsts  middle^  and  last^  even  a^^ 
must  serve  as  firsts  a^  as  second^  and  a^^  as  thirds  which  is  brought 
about  by  the  side  branch  of  the  overflow  in  a}^  continuing  into  the 
pipe  efy  running  the  whole  length  of  the  tanks  and  at  e''  again  en- 
tering into  a^  In  this  way  the  contents  of  each  tank  may  flow  over 
into  the  next  one.  With  the  depth  of  tanks  indicated  here  the 
centre  of  the  side  branch  of  ee  must  be  about  4  feet  above  the 
tank-bottom. 

The  function  of  the  pipes //is  this.  Suppose  a^  to  be  the  first 
and  a"^  to  be  the  last  tank  working — ^that  is,  fresh  water  running 
into  tt^ ;  the  liquor,  when  tank  a^"  has  run  fiill,  having  penetrated 
through  &esh  balls,  will  be  strong  enough  for  running  ofi*.  Already 
before  this  the  communication  between  a"^  and  a^^  has  been  inter- 
rupted by  putting  the  plug  into  e ;  now  the  pipe /begins  to  act, 
its  plug  having  been  taken  out,  whilst  in  the  other  tanks  the  plugs 
of/  remain  closed.  The  strong  liquor  now  runs  out  of  the  side 
branch  of/,  the  centre  of  which  is  2  or  3  inches  below  that  of  the 
side  branches  of  e.  All  the  running-out  pipes /for  strong  liquor 
are  attached  to  the  front  of  the  boxes  ;  into  their  outer  opening  a 
2-inch  gas-tube  is  fitted,  bearing  a  screw-thread  on  its  front  end, 
round  which  an  elbow  and  a  short  piece  of  pipe^'  turns  without 
difGiculty.  When  the  piece  /'  points  upwards,  e.  g.  in  a^  and  a", 
nothing  can  run  out,  even  when  the  plug  is  open ;  but  as  soon  as 
/'  is  turned  into  a  horizontal  position  or  even  lower,  the  contents 
of  the  tank  will  run  out  as  far  as  the  level  of  the  side  branch ;  and 
if  in  a^  the  supply  of  fresh  water  is  continued,  a  corresponding 
quantity  of  liquor  must  continually  run  out  of  a"^  through/'. 

At  some  works,  instead  of  the  turning  elbows  at/',  there  are  large 
cocks ;  but  these  are  quite  unnecessary,  are  easily  stopped  up  by 
crystallization,  and  are  much  less  convenient  than  the  arrangement 
just  described.  The  plugs  h  in  the  pipes  /might  even  be  dispensed 
with  altogether,  since  the  latter  can  only  run  out  when/'  is  turned 
down  j  but  the  plugs  are  preferable,  because  the  pipes  are  more 
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safely  closed  and  crystallization  in  the  pipes  when  they  are  out  of 
use  is  avoided. 

In  the  drawing  an  open  shoot  i  is  seen  just  underneath  the  side 
pipes  //'^  so  that  these  must  empty  into  it ;  it  leads  to  a  well^  in 
which  the  strong  liquor  is  collected  and  afterwards  pumped  up  or 
otherwise  disposed  of.  In  the  place  of  this  open  shoot  many  works 
have  a  second  cast-iron  pipe^  with  which  all  the  side  branches  of 
//  are  connected  by  outside  branches,  and  which  ends  in  the  well. 
The  small  pipes/'/'  cannot  be  employed  here ;  nor  can  the  liquor 
running  out  be  freely  seen ;  but  a  sample  can  always  be  taken 
through/.  The  closed  pipe  very  easily  crystallizes  up,  and  has  no 
object,  as  it  is  not  necessary  here  to  keep  it  horizontal ;  hence  an 
open  shoot  is  altogether  preferable.  Even  the  pipe  e!  in  winter 
quickly  crystallizes  up,  and  is  therefore  best  lapped  with  straw;  if 
steam  is  near  by,  a  i-  or  |-inch  pipe  is  put  into  one  of  the  ends  of 
efy  in  order  to  melt  any  crystals  obstructing  the  pipe. 

Each  of  the  tanks  a'  to  a^  is  provided  with  a  bottom-cock  g  of 
about  3  inches  bore ;  it  is  advisable  to  make  the  bottom  sloping 
towards  the  cock,  so  that  the  contents  of  the  tank  can  all  run  away. 
In  the  case  of  Mond's  sulphur-recovery  process,  where  soda-liquor 
and  sulphur-liquor  are  made  in  the  same  tank,  a  sloping  bottom  is 
indispensable. 

Each  of  the  tanks  must  have  a  supply  of  water;  but  the  same 
water-pipe  and  cock  may  serve  for  two  tanks  if  the  branch  pipe  be 
laid  over  the  partition  between  them ;  by  means  of  a  swivel-pipe 
and  a  small  movable  shoot  the  water  can  be  run  at  will  into  either 
of  the  tanks.  Besides  these  cold-water  pipes,  there  must  be  either 
hot- water  or  steam  pipes,  according  to  the  style  of  heating  pre- 
ferred ;  and  a  third  set  of  pipes  is  required  for  the  weakest  liquor, 
which  at  the  end  of  the  lixiviation  covers  the  exhausted  residue  : 
for  this  a  single  pipe  can  serve,  and  the  liquid  be  conducted  fix>m 
it  into  any  of  the  tanks  by  an  india-rubber  hose  or  by  a  shoot. 

Instead  of  a  completely  fitted-up  set  of  lixiviating-tanks  such  as 
are  represented  here  and  are  now  found  in  most  works,  even  large 
works  formerly  had  less  perfect  apparatus,  especially  so  far  as  the 
false  bottom  is  concerned.  Some,  e.  g.,  had  the  bottom  laid  with 
bricks,  leaving  cross  gutters  which  were  covered  with  sheet  iron,  &c. 
Others  had  no  false  bottom  at  all,  but  only  a  sieve  round  the  over- 
flow pipes  standing  in  a  corner.  It  is  evident  that  thus  no  such 
regular  action  could  be  attained  as  with  a  perfect  apparatus. 
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Sometimes  the  tanks  are  surrounded  by  bad  conductors  of  heat^ 
which  certainly  seems  to  be  advantageous. 

Fig.  197  shows  a  larger^  complete  lixiviating  apparatus^  on  a 
scale  of  1 :  96^  in  isometrical  projection^  with  part  of  the  sides 
removed ;  it  sufSces  for  50  balls  of  3  cwt.  sulphate  in  each  tank. 
The  letters  have  the  same  meaning  as  in  the  preceding  figures. 

The  lixiviating  process  is  carried  out  in  the  following  way : — 
First  the  double  bottom  is  covered  with  a  3-inch  layer  of  furnace- 
cinders  broken  into  pieces  of  the  size  of  a  hand,  and  deprived  of 
dust  and  small  pieces  by  means  of  a  coarse  riddle.  On  the  top 
some  smaller  cinders  are  put,  so  as  to  level  the  surface.  Upon 
these  the  black  ash  is  tipped  in  smaller  and  larger  lumps  till  the 
tank  is  nearly  full,  and  is  levelled  by  means  of  large  hooks  till  no 
large  pieces  stand  out.  The  men's  hands  for  this  work  are  pro- 
tected by  pieces  of  leather  from  being  cut  by  the  sharp  edges  of 
the  pieces.  The  tanks  must  never  be  filled  so  far  that  the  black 
ash  i&  not  completely  covered  by  the  strong  liquor  first  running 
upon  it ;  any  odd  projecting  pieces  must  be  pulled  down  by  hooks, 
lest  the  moist  calcium  sulphide  be  oxidized.  Suppose  (in  the  set 
of  tanks  A,  B,  C,  D,  fig.  198)  D  to  be  the  tank  just  filled.     Pro- 


Fig.  198. 


A 

B 

C 

D 

bably  tank  A  will  now  have  been  worked  off  so  far  that  the  liquor 
running  out  of  it  shows  only  about  l*^Tw.  Its  liquid  contents  are 
then  run  off  by  the  bottom-cock  into  a  well,  and  pumped  up  again 
into  tank  B.  Some  makers  do  not  think  it  worth  while  to  do  so, 
because  this  weak  liquor  contains  more  sulphide  than  carbonate ; 
they  therefore  run  the  weak  liquor  to  waste  and  start  tank  B  at 
once  with  pure  water.  According  to  Davis  (Chem.  News,  xxxii. 
p.  187),  a  sample  of  this  weak  liquor,  of  spec.  gr.  1*005,  contained 
per  litre : — 
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Sodium  hydrate    2*640  grams. 

„       carbonate 1*060  „ 

„       sulphide   2*690  „ 

„       hyposulphite    0*654  „ 

„       sulphate  0*284  „ 

„       chloride   6*780  „ 

„       silicate O'.IOO  „ 

„       aluminate    0*108  ,, 


Total 14*216 


9> 


In  any  case  some  warm  water  is  run  into  B  from  the  commence- 
ment along  with  the  weak  liquor ;  so  that  the  temperature  at  the 
surface  in  summer  is  32°,  in  winter  37°  C. ;  at  some  works  it  is  as 
high  as  40°  or  even  43°,  but  certainly  not  higher.  When  working 
with  steam,  the  tank  B  is  not  heated  at  all ;  nor  is  this  done  when 
the  soda  has  to  be  as  free  as  possible  from  caustic  and  sulphide — 
for  instance,  for  sale  to  bleach-works.  Since  tank  B  is  from  the 
outset  filled  with  weak  liquor,  this  by  the  water  run  in  at  the  top 
is  forced  into  the  overflow  pipe,  and  that  from  the  top  downwards ; 
so  that  the  strongest  portion  of  the  liquor  rises  in  the  pipe  and 
overflows  into  tank  C.  In  this  it  forces  the  liquor,  which  is  again 
heavier,  through  the  overflow  pipe  over  into  D,  which  as  yet  only 
contains  dry  balls,  but  gets  gradually  filled  with  liquor ;  this  on 
flowing  through  the  fresh  black  ash  becomes  still  more  concen- 
trated. Here  also  the  liquor  gets  warmer,  partly  firom  the  heat  of 
the  black  ash  itself,  partly  from  the  chemical  reaction  on  the  hydra- 
tation  of  sodium  carbonate,  and,  so  far  as  any  quicklime  is  left,  also 
from  its  hydratation  and  causticizing  action  on  soda.  The  tempe- 
rature of  the  liquor,  measured  at  the  outflow,  may  here  rise  to  58° 
or  60°  C. ;  beyond  this  it  is  dangerous  to  go.  When  tank  D  has 
been  ''covered^'  (that  is,  filled  to  the  level  of  the  running-ofF  pipey^ 
fig.  195  or  197),  the  strength  of  the  liquor  is  tested.  Usually  it  is 
allowed  to  run  off  at  a  minimum  of  46°  Tw.  If  it  is  not  up  to  this 
strength,  the  outlet  plug  of /is  not  opened,  and  the  tank  is  allowed 
to  stand  a  little  in  order  to  get  stronger;  during  this  time  the 
water  must  be  cut  off  at  B  as  well,  less  that  tank  should  run  over. 
Usually  this  stoppage  does  not  last  long;  in  sets  of  five  or  six  tanks, 
where  four  or  five  are  always  actually  at  work,  stoppage  for  this  pur- 
pose is  never  necessary.  When  the  liquor  has  got  up  to  46°  Tw.,  it  is 
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caused  to  run  out  of  D  by  a  supply  of  water  running  into  B.  The 
liquor  at  first  continues  to  increase  in  strength,  usually  up  to  52° 
or  even  55°  (measured  hot).  It  never  ought  to  be  allowed  to  get 
beyond  57^;  for  this  can  only  be  attained  by  standing  too  long  on 
the  black  ash ;  and  liquors  of  more  than  60°  are  always  full  of 
sodium  sulphide  and  are  coloured  dark  yellow  or  green  by  ferro- 
sodium  sulphide.  The  lighter  yellow  a  liquor,  the  better  it  is; 
quite  colourless  it  will  hardly  ever  be.  It  must  accordingly  be 
controlled  by  its  colour,  strength,  and  temperature ;  moreover 
some  of  it  should  be  analyzed  in  the  laboratory  at  least  once  a  day. 

Gradually  the  liquor  becomes  weaker  again ;  and  when  it  has  got 
down  to  42°  Tw.  (some  even  stop  at  46°),  its  running  is  stopped. 
In  the  meantime  the  damp  contents  of  A  have  been  cast  out,  and 
this  tank  has  been  thoroughly  cleaned,  the  false  bottom  removed^ 
and  the  space  underneath  rinsed  out  with  a  jet  of  water.  This 
cleanliness  greatly  contributes  to  the  production  of  good  liquors. 
After  that  the  false  bottom  has  been  put  in,  the  tank  fiUed  with 
black  ash  j  and  thus  all  is  ready  by  the  time  that  the  strength  of 
the  liquor  running  out  of  D  has  gone  down  too  much  for  it  to  be 
admitted  into  the  boiling-down  pans.  Now  the  running-off  plug  of 
D  is  put  in,  its  overflow  plug  (c  in  fig.  195  or  197)  is  opened,  and  the 
liquor  must  now  flow  over  into  A,  where  it  acts  exactly  in  the  same 
way  as  it  previously  did  in  D.  In  the  meantime  the  liquor  flowing 
over  from  B  to  C  has  become  too  weak,  viz.  1°  Tw. ;  hence  the 
overflow  is  plugged,  C  is  made  first  tank,  and  B  is  treated  exactly 
as  A  was  treated  before.  In  this  way  a  continuous  rotation  is 
brought  about.  The  more  regularly  and  continuously  the  liquors 
can  run,  the  purer  and  richer  they  become ;  consequently  stoppages 
must  be  avoided  as  much  as  possible.  In  English  works,  where 
there  is  no  Sunday  work,  Monday^s  liquor  is  almost  uniformly 
inferior. 

It  is  important  never  to  lose  sight  of  the  following  points,  viz. : — 
1st,  the  proper  temperature  of  the  water  running  in  and  the  liquor 
running  out ;  2nd,  the  proper  strength  of  the  latter  (the  strengths 
of  the  intermediate  tanks  do  not  matter  at  all,  as  these  are  regu- 
lated entirely  by  the  strong  tank ;  hence  a  description  of  the  work 
with  more  than  four  tanks  is  quite  unnecessary) ;  3rd,  the  proper 
washing  and  exhaustion  of  the  black  ash.  The  first  two  points 
have  been  already  touched  in  the  preceding ;  but  we  must  now  say 
something  of  the  residue  remaining  after  lixiviation^  the  tank^waste 
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(vat- waste).  Properly  washed  tank-waste  can  be  so  well  recog- 
nized by  its  external  appearance  that  the  analysis  rarely  gives  dis- 
cordant results.  It  is  a  uniform  mass^  neither  muddy  nor  too 
coarse^  of  a  bluish-grey  to  black-grey  colour ;  only  very  few  pieces 
of  a  larger  size  tban  that  of  a  pea  occur  in  it ;  most  of  the  pieces 
are  smaller.  Even  the  larger  pieces  are  easily  crushed.  But  if  the 
tank- waste  shows  coarser^  especially  hard  pieces  of  the  size  of  a 
hazel-nut  and  upwards^  it  is  badly  washed  and  there  must  be  a 
considerable  loss  of  soda. 

The  chemical  examination  of  tank-waste  usually  extends  only  to 
the  soluble  sodium  salts^  and  is  made  in  this  way : — ^A  very  good, 
large  average  sample  is  reduced  to  50  grams,  which  are  shaken  with 
750  grams  of  water  at  37^  or  40^  C.  for  half  an  hour  in  a  litre-flask ; 
this  is  then  filled  up  to  the  mark,  and  its  contents  allowed  to  settle. 
Of  the  clear  liquor  100  cub.  centims.  (  =  5  grams  tank-waste)  are 
evaporated  to  dryness  in  a  porcelain  dish,  a  little  ammonium  car- 
bonate being  added  to  precipitate  the  soluble  calcium  salts ;  then 
the  mass  is  heated  to  drive  off  the  ammonium  salts,  dissolved,  fil- 
tered, and  titrated  for  alkali.     More  than  0*2  per  cent,  soluble 
Na^O  the  waste  from  chalk  black  ash  should  never  show;  bad 
waste  shows  0*5  to  1  per  cent,  and  upwards.     Waste  from  limestone 
black  ash  nearly  always  contains  more  soda  than  that  from  chalk 
balls ;  and  with  it  the  above  figures  will  mostly  be  exceeded. 

Now  and  then  it  is  interesting  and  even  important  to  test  the 
waste  for  insoluble  soda.  This  can  be  done  easily  and  quickly  in 
the  following  way: — The  waste  is  heated  with  sulphuric  acid  of 
about  110°  Tw.,  in  a  porcelain  or  even  in  an  iron  dish,  till  it  is 
completely  decomposed  and  converted  into  a  stiff  paste.  This  is 
evaporated  to  dryness,  heated  till  all  free  sulphuric  acid  is  expelled, 
hot  water  added,  and  the  contents  of  the  dish  scraped  out  with  a 
wooden  spatula  into  a  glass  cylinder  holding  250  cub.  centims. 
Here  a  little  milk  of  lime  is  added,  made  from  common  lime  by 
pouring  off  the  first  alkaline  waters ;  by  this  any  free  acid  remain- 
ing is  saturated,  and  magnesia  is  precipitated.  The  cylinder  is 
filled  up  to  the  mark,  allowed  to  settle ;  50  cub.  centims.  of  the 
clear  liquid  (now  containing  chiefly  alkaline  sulphates)  is  taken 
out,  10  cub.  centims.  of  saturated  baryta-water  added,  the  liquid 
decanted  from  the  precipitate  through  a  dry  filter,  50  cub.  centims. 
of  the  filtrate  treated  with  a  current  of  carbonic  acid  to  precipitate 
all  the  baryta;  the  liquid  is  boiled  to  decompose  any  barium  bicar- 
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boaate^  filtered^  and  the  filtrate  (now  containing  all  the  sodium  as 
carbonate)  tested  alkalimetrically.  If  the  bulk  of  the  residue  in 
the  250-cub.-centims.  bottle  is  not  taken  into  account^  each  cub. 
centim.  of  normal  HCl  would  indicate  1  per  cent.  Na,0  in  the 
waste,  if  18*60  grams  of  this  have  been  operated  on ;  experiments 
made  by  Mr.  Rennoldson,  of  the  Tyne  Alkali- Works,  South  Shields, 
have  shown  that  only  17' 71  grams  need  be  taken^  to  account  for 
the  bulk  of  the  waste. 

Complete  analyses  of  tank-waste  will  be  given  in  the  14th 
Chapter,  entirely  devoted  to  it. 

The  treatment  of  revolver-balls  in  lixiviation  is  rather  different 
from  that  of  ordinary  black  ash,  because  here  warm  water  does  not 
suffice  for  exhausting  the  balls,  notwithstanding  the  presence  of 
quicklime,  which  loosens  them,  as  previously  described.  In  this 
case  steam  is  always  employed,  and  in  the  following  way.  In  each 
tank  there  are,  in  two  opposite  places,  steam  pipes  coming  firom 
above  and  reaching  down  about  18  or  24  inches,  so  that  they 
dip  very  little  below  the  surface  of  the  strong  liquor.  (This  is 
shown  in  fig.  197.)  The  fresh  water  in  the  weak  tank  is  employed 
quite  cold  in  summer,  or  at  about  20^  C.  in  winter.  But  by 
injecting  steam  the  liquor  in  the  strong  tank  is  kept  at  60^  or  even 
6b°  C. ;  and  by  it  the  hard  balls  are  so  far  disintegrated  that  they 
become  easily  accessible  to  further  lixiviation.  The  temperature  in 
the  tank  just  preceding  the  strong  one  is  by  occasional  injection  of 
steam,  especially  just  before  turning  its  contents  into  the  strong 
tank,  kept  at  37°  or  40°  C.  In  all  cases  the  lixiviation  of  revolver- 
balls  requires  much  more  attention  than  that  of  ordinary  black  ash. 

Other  proposed  lixiviating-apparatus  can  be  treated  very  shortly, 
as  none  of  them  can  compete  with  the  cheap  and  simple  Buff-Dunlop 
apparatus,  which  does  every  thing  that  complicated  apparatus  can 
do.  That  of  Havrez  (Bull.  Soc.  d^Encour.  1867,  p.  486)  consists 
of  cylindrical  tanks,  1^  to  3  feet  high  and  3  to  10  feet  in  diameter, 
with  an  axis  consisting  of  a  pipe  from  which  radial  partitions  start, 
dividing  the  tank  into  twelve  sectors,  two  of  which  always  work 
together.  A  peculiar  cock  in  the  central  tube  permits  the  circula- 
tion of  the  water  and  the  liquors  to  be  systematically  changed. 
Its  principle  is  not  different  from  that  of  the  Buff-Dunlop  appa- 
ratus ;  and  it  does  not  seem  at  all  well  adapted  for  work  on  a 
large  scale. 

Another  apparatus^  proposed  by  Schwind  (Dingler's  Joum.  cxcviii. 
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p.  127),  is  to  facilitate  the  continuous  supply  of  the  material  to  be 
lixiviated.     This  is  hardly  feasible,  for  black  ash  at  any  rate. 

An  apparatus  by  H.  Fischer  (Dingl.  Joum.  ccxviii.  p.  485)  con- 
sists of  a  large  ring  bearing  four  tanks  suspended  within  it  at  equal 
distances,  the  ring  being  turned  round  by  machinery.  This  api>a- 
ratus  does  not  seem  at  all  adapted  for  black  ash. 

The  tank-liquor  as  it  flows  away  from  the  strong  tank  is  too 
muddy  to  be  boiled  down  directly.  It  must  be  completely  settled 
in  special  settlers,  in  which  aU  the  tank-waste  mechanically  carried 
away  will  be  deposited  along  with  a  little  iron  sulphide  arising 
from  the  decomposition  of  ferro-sodium  sulphide  and  an  insoluble 
aluminio-sodium  silicate. 

Davis  (/.  c.)  gives  the  following  analysis  of  such  a  sediment  care- 
fully washed  and  dried  in  a  current  of  hydrogen  (a),  together  with 
the  analysis  of  a  crust  that  formed  in  the  settlers  and,  in  greater 
quantity,  in  the  boiling-down  pans  {b) : — 

SUica 23-60  89-572 

Alumina 1834  33-584 

Sodium  oxide 13-22  20-776 

Water 5-844 

Iron  sulphide 5-84 

Calcium  sulphide  38-00 

9900  99-776 

By  the  action  of  carbonic  acid  (for  instance  when  the  settlers  are 
heated  by  waste  fire-gases  passing  over  them),  Scheurer-Kestner 
observed,  a  white  pulverulent  aluminium  silicate  (32-2  SiOg^ 
43-45  AljOs,  23-93  H,0)  was  formed. 

Care  must  be  taken  lest  the  liquors  in  the  settlers  should  cool 
down  to  any  extent,  because  in  that  case  a  large  portion  of  the  soda 
ivould  crystallize  out  in  an  impure  state.  For  this  purpose,  e,  g., 
the  settlers  may  be  placed  over  the  ball-bank,  where  the  heat  of  the 
balls  will  act  upon  them,  or  over  the  boiling-down  pans ;  or  they 
may  be  arched  over,  and  the  fire-gases  coming  away  from  the 
boiling-down  pans  behind  the  ball-furnaces  may  be  passed  over 
the  surface  of  the  liquid,  in  which  case  the  fine  drops  of  liquor 
thrown  up  in  boiling  and  carried  away  by  the  draught  will  be 
recovered.      In  any  case  the  settlers  must  be  large  enough  to 
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admit  the  complete  deposition  of  the  mud.  The  better  the  liquor 
is  settled^  the  stronger  and  whiter  the  soda  will  be,  and  especially 
by  the  decomposition  of  the  ferro-sodium  sulphide.  Either  several 
settlers  are  provided  which  are  alternately  filled  and  emptied^ 
or  the  settlers  are  made  very  long,  and  the  liquor  is  run  in 
at  one  end  and  gradually  run  out  at  the  other.  They  are  always 
mounted  so  high  that  they  can  immediately  feed  the  boiling- 
down  pans ;  consequently  the  liquor  has  generally  to  be  pumped 
into  the  settlers.  Hence  the  tank-liquor  usually  flows  from 
the  tanks  into  a  well,  generally  made  of  cast  iron — ^which  need 
not  be  at  all  large,  as  the  pump  is  constantly  working.  This  pump 
(which  of  course  must  be  made  entirely  of  iron,  without  any  brass 
parts)  is  placed  just  above  the  well,  so  that  any  liquor  leaking  out 
or  overflowing  runs  back  into  the  well.  The  pump-barrel  and  the 
delivery-pipe  must  be  emptied  every  time  after  being  used,  lest  they 
should  be  stopped  up  by  crystals. 

Composition  of  Tank-liquor. 

It  is  very  advisable  to  make  a  daily  analysis  of  the  tank-liquors^ 
which  need  not  embrace  all  its  constituents  (a  matter  obviously 
impossible)^  but  only  so  far  as  to  get  an  idea  of  its  essential  com- 
position and  of  that  of  the  alkali  to  be  obtained  from  it.  This  has 
been  done  very  quickly  and  with  quite  sufficient  accuracy  in  the 
author's  laboratory  for  many  years  past  in  the  following  manner : — 
The  tank-liquor  is  employed  in  the  warm  state,  just  as  it  comes 
firom  the  works ;  or^  if  necessary,  it  is  heated  again  till  all  crystals 
have  dissolved.  Samples  of  only  1  cub.  centim.  each  are  taken  by 
means  of  a  pipette  divided  into  hundredths ;  by  taking  such  small 
quantities^  great  speed  of  execution  is  secured,  with  sufficient  accu- 
racy. First  1  cub.  centim.,  diluted  to  10  cub.  centims.,  is  boiled 
with  an  excess  of  standard  sulphuric  acid  till  all  CO^  and  H2S  are 
expelled,  then  litmus  solution  added^  and  standard  soda  solution  run 
in  till  the  mixture  is  just  neutralized.  If  litmus  is  added  at  first,  it  is 
discoloured  and  rendered  useless  by  the  H^S;  but  by  the  azo-dyes 
(Vol.  I.  p.  48)  this  drawback  is  avoided,  and  the  liquor  can  be  titrated 
directly,  without  going  back^  with  standard  soda  solution.  Thus 
the  total  alkalinity  is  ascertained,  inclusive  of  caustic  and  sulphide. 
Another  cubic  centim.  is  diluted,  some  standard  solution  added^ 
and  decinormal  iodine  solution  run  in  up  to  blue :  this  shows 
Na^S^    the  minimal   quantities   of   sulphites  and   hyposulphites 
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occurring  in  firesh  tank-liquor  are  also  measured  with  it^  and  can 
without  sensible  error  be  calculated  as  Na^S.  The  number  of 
cub.  centims.  of  iodine  solution  found  is  divided  by  10  and  de- 
ducted from  the  number  found  for  normal  acid.  This  gives  the 
amount  of  caustic  and  carbonate  which  were  present ;  these  are 
both  calculated  as  carbonate^  because  they  occur  as  such  in  the 
alkali.  In  a  third  sample  the  sodium  chloride  is  estimated  as 
follows : — 1  cub.  centim.  is  taken  out^  exactly  as  much  normal  sul- 
phuric acid  run  in  as  was  required  in  the  first  experiment  to  neu- 
tralize the  liquor ;  the  liquid  is  boiled  till  all  H^S 
is  driven  ofi^^  passed  through  a  small  filter  to  re- 
move  the  sulphur  precipitated^  once  washed;  to 
the  neutral  liquid  some  yellow  potassium  chromate 
solution  is  added ;  and  it  is  titrated  with  silver  ni- 
trate till  the  red  colour  appears.  Lastly^  the  sul- 
phate is  estimated  (best  in  2  cub.  centims.)^  either 
according  to  Wildenstein^s  plan  or  gravimetrically, 
which  with  this  very  small  quantity  (at  most 
0*060  gram  BaS04)  takes  only  20  minutes^  if  the 
liquid  is  precipitated  boiling  hot^  filtered  at  once 
by  help  of  the  long  funnel^  fig.  199  (which  greatly 
hastens  the  operation) ,  washed  with  boiling  water^ 
the  small  filter  with  the  precipitate  placed  for  a  few 
minutes  on  a  hot  place,  till  it  can  be  taken  out 
and  put  into  the  platinum  crucible,  lying  on  its 
side ;  the  flame  of  the  burner  is  gradually  moved 
from  the  mouth  of  the  crucible  to  where  the  filter 
is  lying,  till  the  latter  is  burnt  and  all  is  red 
hot.  The  operation  is  finished  by  cooling  the 
crucible  on  a  stone  and  weighing;  and  during 
the  boiling,  washing,  drying,  and  igniting,  the 
above-described  three  tests  for  alkalinity,  sulphide, 
and  chloride  can  be  carried  out  as  well.  This  of 
course  supposes  that  boiling  water  is  at  disposal, 
and  that  the  platinum  crucible  is  tared  (which  is 
best  done  by  means  of  a  piece  of  copper  or  lead, 
corrected  from  time  to  time  so  as  to  make  it  agree 
with  the  decreasing  weight  of  the  crucible). 

The  way  of  calculating  the  results  will  be  most  easily  understood 
from  a  particular  instance.     Suppose  it  has  been  found  that 
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(1)  1  c.  c.  requires  6*1  e.  c.  normal  sulphuric  acid, 

(2)  If,        „  1'5    „    deeinormal  iodine  solution, 

(3)  1     „         „  1*8    „    deeinormal  silver  solution, 

(4)  2     „    yield  0045  gram  BaSO^. 

1*5 
First,  from  6*1  is  deducted  jrr=0'16,  leaving  5*95  normal  acid 

for  sodium  carbonate  ( +  hydrate) . 
From  this  follows  : — 

1.  5-95  X  0-513     =  0-3053  gram  NaaCOa 

2.  1-5  X  00071   =  0-0106     „     Na^SO^ 

3.  1-8  X  0-00585=  00105     „     NaCl 

4.  0-0225  X  0-609     =  00137     „     Na2S04 


0-3401 


The  item  2  is  at  once  calculated  as  sulphate,  because  in  the 
further  operation  the  lower  oxides  of  sulphur  are  mostly  converted 
into  it.  Item  4  (Ba2S04)  is  divided  by  2,  as  it  is  obtained  from 
2  cub.  centims.  liquor,  and  multiplied  by  0-609  in  order  to  get  from 
BaS04  to  Na2S04. 

The  numbers  found  now  show  what  fractions  of  a  gram  of 
carbonate,  chloride,  and  sulphate  the  alkali,  to  be  obtained  from 
that  liquor,  will  contain ;  and  if  all  the  figures  are  added  up,  the 
total  solids  is  obtained,  viz.  0-3401  in  our  particular  instance; 
and  by  the  ordinary  rule  of  three  are  calculated  the  percentages  of 
this  alkali,  viz. 

89-8  NaaCOa 
3-1  NaCl 

3-1  Na^S04  formed  from  Na^S 
4-0  Na2S04  contained  as  such  in  the  liquor. 


100-0 


This  calculation  cannot  be  regarded  as  quite  exact,  even  for  this 
reason — because  ordinary  soda  ash  contains  from  1  tol'S  percent, 
of  insoluble  constituents  »  but  as,  on  the  other  hand,  by  well  car- 
bonating  the  liquors  at  least  a  portion  of  the  NajS  is  not,  as  here 
assumed,  transformed  into  Na8S04  but  into  NasCO,,  the  above 
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error  is  so  far  compensated  that  an  almost  absolutely  reliable  indi- 
cation of  the  strength  of  the  alkali  to  be  expected  is  obtained. 

If  the  caustic  soda  in  the  tank-liquor  is  to  be  estimated  sepa- 
rately^ 2  cub.  centims.  of  the  same  are  diluted  with  hot  water  in  a 
lOO-cub.-centim.  flask^  barium  chloride  added  to  excess^  the  flask 
filled  up  to  the  mark^  allowed  to  stand  for  a  moment  till  the  preci- 
pitate subsides  (which  it  does  very  quickly  in  the  hot  liquid),  the 
clear  portion  poured  through  a  dry  filter  into  a  50-cub.-centim. 
flask,  and  the  filtrate  titrated  with  standard  hydrochloric  or  nitric 
acid,  which  only  indicate  the  NaOH  originally  present. 

From  the  above  tests  the  following  conclusions  can  be  drawn  :— 
Above  every  thing,  of  course  the  alkalimetrical  titre  of  the  liquid 
should  be  a  high  one.  If  too  much  common  salt  is  found,  this  is 
of  course  not  the  fault  of  the  black-ash  process,  but  of  the  decom- 
posing department ;  and  the  quality  of  the  sulphate  accordingly 
should  be  improved.  If  too  much  iodine  solution  has  been  used, 
it  will  either  be  the  fault  of  the  black  ash,  many  ''red"  balls 
having  been  present,  or  else  the  lixiviating-tanks  have  gone  too  hot 
or  stood  too  long.  A  high  figure  for  barium  sulphate  is  nearly  always 
caused  by  bad,  burnt,  or  "  soft  "  balls,  and  is  mostly  accompanied 
by  a  high  figure  for  iodine.  High  causticity  points  to  too  much 
coal  in  the  balls  and  too  hot  lixiviation. 

Recently,  since  so  much  attention  has  been  drawn  to  the  cyanides 
in  black  ash,  testing  the  liquor  for  them  has  become  a  matter  of 
importance.  This  matter  has  been  treated  by  Hurter  (Chem. 
News,  xxxix.  p.  25),  whose  description  will  be  given  in  ewterhso. 

In  soda  lyes  there  may  occur  sodium  ferrocyanide,  sulphocyanide, 
and  cyanate ;  the  cyanide  originally  present  as  such  in  black  ash 
must  have  been  transformed  into  ferrocyanide  during  the  lixivia- 
tion. If,  however,  any  sodium  cyanide  is  present  at  all,  it  is 
readily  converted  into  ferrocyanide  by  boiling  the  liquid  with  freshly 
precipitated  ferrous  oxide  (produced  by  adding  a  little  ferrous  sul- 
phate to  the  alkaline  liquid) .  The  cyanate  and  sulphocyanide  are 
not  of  any  importance,  as  they  yield  colourless  products  of  de- 
composition during  the  further  treatment  of  the  soda;  the  ferro- 
cyanide alone  requires  to  be  estimated.  This  can  be  done  very 
rapidly  by  the  following  method,  sufficiently  accurate  for  solu- 
tions containing  not  more  than  2  grains  of  sodium  cyanide  per 
litre. 

When  soluble  ferricyanides  are  mixed  with  copper  salts,  yellow 
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copper  ferricyanide  is  formed.  If  a  proto-salt  of  iron  is  added 
afterwards,  a  blue  precipitate  will  be  formed  so  long  as  auy  ferri- 
cyanide exists  in  solution ;  but  beyond  that  point  the  ferrous  salt 
reacts  upon  the  copper  ferricyanide,  reducing  it  to  ferrocyanide, 
thus : — 

Cu8Pe,Cyi2  +  2HC1  +  2PeCl8  =  CuaHjPeaCyi,  +  FejCle. 

This  reaction  is  made  use  of  as  an  indicator.  100  cubic  cen- 
timetres of  strong  soda-liquor  is  treated  with  a  bleaching-powder 
solution  till  all  sulphides  &c.  axe  oxidized  into  sulphates,  and  fer- 
rocyanide into  ferricyanide ;  the  solution,  after  being  acidified  and 
freed  as  much  as  possible  from  excess  of  chlorine  by  warming  and 
agitating,  is  ready  for  titrating. 

On  a  porcelain  slab  sprinkle  a  few  drops  of  a  dilute  solution  of 
ferrous  sulphate  (1 :  100) .  Add  now  to  the  solution  to  be  analyzed 
a  decinormal  copper  solution  from  a  burette  until  a  drop  of  the 
liquid,  brought  into  contact  with  a  drop  of  ferrous  sulphate  solu- 
tion, no  longer  gives  a  blue  colour,  but  the  pure  purple  colour  of 
cupric  ferrocyanide.  The  copper  solution  is  prepared  by  dissolviog 
3' 17  grams  of  copper  in  as  little  nitric  acid  as  possible,  and  diluting 
to  1  litre ;  each  cub.  centim.  of  it  =0'01013  gram  Na^FeCyg. 

If  the  copper  ferricyanide  is  preseiit  in  larger  quantities  than 
those  indicated  above,  it  hides  too  much  the  colour  of  the  Prussian 
blue.  Moreover  in  concentrated  solutions  .the  composition  of  the 
precipitate  is  not  exactly  =Cu8Fe2Cyi2. 

Sulphocyanide  rarely  needs  estimating,  as  it  is  comparatively 
harmless  and  only  present  in  traces.  It  can  be  approximately 
estimated  by  acidifying  the  tank-liquor,  precipitating  the  ferro- 
cyanide by  zinc  chloride,  filtering,  colouring  the  filtrate  by  ferric 
chloride,  and  comparing  the  colour  with  that  produced  in  ferric 
chloride  solution  by  a  solution  of  potassium  sulphocyanide  of 
known  strength. 

One  of  the  most  disagreeable  constituents  of  tank-liquors  is  the 
iron  which  occurs  in  them  in  various  forms,  and  imparts  to  the  soda 
ash  made  from  them  a  yellow  or  a  reddish  colour.  If  the  iron  could 
be  entirely  removed  from  the  tank-liquor,  crystal  soda  and  white 
alkali  could  be  made  directly  from  the  liquors,  whilst  till  very 
recently  these  could  only  be  made  by  the  expensive  process  of  boil- 
ing down,  calcining  to  soda  ash,  and  redissolving  the  latter.  By 
means  of  very  good  black  ash,  long  settling,  and  thorough  car- 
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bouating^  a  few  works  bad  abready  arrived  at  making  crystak  direct 
from  tank-liquors ;  but  sucb  crystals  are  said  to  have  been  always 
soft  and  with  difficulty  saleable.  Whether  the  new  Pechiney- 
Weldon-process  will  do  away  with  this  drawback^  a  little  more 
experience  alone  can  show. 


Analysis  of  Tank-liquors  and  Salt-residues  from  the  same. 

From 
Stolberg. 

Mokr. 

Per  cent. 

From 
Duis- 
burg. 

Mokr, 

Salt-re- 
sidue. 
Per  cent. 

From  an 
English  works. 

Brown. 

Salt-residue. 
Per  cent 

English  works. 
Davis. 

Grams  per  litre 
of  liquor. 

Sodium  carbonate    

..      DTdrate   ......... 

23-60» 

•  •  ■ 

0-60 
0-13 

•  •  ■ 

0-80 
0-23 

•  •  • 

•  •  ■ 

•  •  • 

•  •  • 

■  •  • 

•  •  • 

■  ■  • 

•  •  • 

■  •  ■ 

■  •  • 

•  •  « 

71*260 
24-500 
1-850 
0-235 
0-102 
0-369 
...  t 
0-087 

•  •  • 
■  ■  • 

•  ■  • 

1-510 

... 
0-168 

•  •  • 

a  a  • 

traces 

*    a  •  « 

1 

68-91 
14-43 
8-97 
1-31 
2-23 
traoe 
7-02 

•  •  ■ 

•  •  • 

103 

•  •  • 

1-02 

■  •  • 

■  «  • 

•  •  • 

•  • « 

0-81 

66-51 
16-07 
3-86 
1-64 
2-13 
traoe 
7-81 

•  •  • 

•  •  • 

•  •  • 

0-80 

•  a  • 

1-23 

•  •  • 

•  •  • 

•  •  • 
■  • « 

0-97 

209-500 

44-800 

19-697 

4-485 

1-323 

1-680 

12-707 

•  •  • 

0-133 
0-211 
3-871 

•  •  a 

6-961 

•  a  • 

traces 
traoes 
0074 

•  •  • 

204-326 

52-740 

23412 

3822 

0-979 

1-774 

14-258 

•  •  • 

0-416 
0-196 
4-218 

•  •  • 

3-774 

•  •  • 

traoes 

traces 

0-042 

•  ■  • 

chloride  

'  ,,      sulphide 

sulohite  

„      hyposulphite  ... 
aulohate  

f>      —'"i' ■■"'*'  ......... 

••      craDide    

« 

„      ferrocyanide   ... 
„      sulphooyanide... 

„      aluminate   

Alumina    , ,  

Sodium  silicate 

Silica 

Sodium  phosphate   

„      fluoride    

Iron  sulphide  (dissolyed) 
Insoluble  in  acids 

Total 

24-76 

100071 

100-73 

99-92 

303-742 

309-957 

*  InclusiTe  of  NaOH. 

t  There  must  be  an  error  here ;  liquors  entirely  free  from  sulphate  are  not  known. 
The  analysis  as  published  in  *  Dingler*s  Journal/  cliv.  p.  205 : — Total  solids  24-98  per 
cent. ;  specific  gravity  of  the  liquor  1-25. 

The  iron  is  in  the  first  place  found  as  ferro-sodium  sulphide,  a 
compound  frequently  investigated^  especially  by  Berthier  (Ann* 
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Chim.  Phys.  xxxi.  p.  170),  Stromeyer  (Ann.  Chem.  Phann.  cvii. 
p.  333),  Maumene  (Compt.  Bend.  Ixi.  p.  846),  E.  Kopp  (Bull.Soc. 
chim.  V.  p.  207),  Schneider  (Pogg.  Ann.  cxxxviii.  p.  302).  The 
influence  of  this  compound  in  tank-liquor  is  the  main  subject  of  a 
paper  by  Kolb  (Ann.  Chim.  Phys.  x.  p.  106).  According  to  him, 
metallic  iron  is  not  acted  upon  by  sodium  hydrate,  carbonate,  or 
even  sulphide  [?] ;  neither  is  ferric  oxide  or  iron  monosulphide  by 
sodium  hydrate  or  carbonate  [?] ;  but  the  two  latter  with  sodium 
sulphide  yield  ferro-sodium  sulphide ;  ferric  oxide,  along  with  this, 
also  caustic  soda.  The  sulpho-salt  by  itself  is  black,  but  remains 
long  suspended  in  solutions  of  sodium  hydrate  or  carbonate,  and 
colours  them  green  or  brown  according  to  the  degree  of  concentra- 
tion, for  which  eyen  a  few  millionths  are  sufficient.  A  solution  of 
0-016  gram  FeS  with  0*090  gram  Na^S  in  100  cub.  centims.  water 
is  blackish  green,  in  4  litres  of  water  bottle-green,  in  8  litres  pale 
green ;  and  even  in  16  litres  it  is  perceptibly  coloured.  Its  solu- 
bility (apparent  or  real)  is  much  greater  in  concentrated  than  in 
dilute  liquors ;  on  diluting,  the  former  a  portion  of  it  at  once  sepa- 
rates as  a  black  precipitate.  It  is  also  more  soluble  with  heat ; 
yellowish-brown  clear  hot  liquors  on  cooling  become  muddy  and 
slowly  deposit  a  black  precipitate.  Also  sodium  chloride  or  am- 
monium salts  precipitate  the  sulpho-salt  with  decolorization  of  the 
liquid  :  therefore  liquors  rich  in  commou  salt  are  little  coloured. 
Although  itself  black,  the  sulpho-salt  imparts  a  yellow  or  i-ed 
colour  to  white  salts,  if  finely  divided  among  them ;  1  gram  of  it 
suffices  for  colouring  100  grams  of  perfectly  white  alkali  yellow, 
5  grams  for  colouring  it  brick-  or  purplish  red.  Sometimes  a 
liquor  coloured  by  it,  on  being  boiled  down  and  the  residue  cal- 
cified, yields  a  white  ash,  which,  however,  on  lying  in  damp  air 
becomes  coloured  again.  Soda  ash  containing  iron  also  frequently 
comes  out  white  from  the  calcining-f urnace,  but  on  cooling  down 
assumes  a  yellow  colour.  [This  is  especially  noticed  on  the  sur&ce 
of  the  heaps.]  Exposed  by  itself  to  damp  air  for  some  time,  the 
salt  gradually  becomes  of  a  dirty  green,  and  at  last  of  an  ochre- 
colour  ;  and  in  it  hyposulphite  and  ferric  hydroxide  are  formed. 
For  the  practice  of  alkali-making  the  following  lesson  can  be  drawn 
from  this  [which  was  acted  upon  by  many  practical  men  long  be- 
fore Kolb],  viz.  that  the  liquor  is  not  to  be  boiled  down  at  once, 
but  as  much  as  possible  of  the  sulpho-salt  removed  from  it.  Kolb's 
way  of  doing  this,  cooling  down  in  a  dilute  state,  is  not  suitable  for 
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practice ;  neither  is  the  addition  of  ferrous  sulphate^  which  decom- 
poses the  sulpho-salt  into  sodium  sulphate  and  insoluble  FeS — any 
excess  of  ferrous  sulphate  being  very  injurious.      Spathic  iron-ore 
(native  iron  carbonate)^  recommended  by  Habich  (Dingl.  Joum. 
cxl.  p.  370),  is  far  too  little  energetic,  and  has  entirely  failed. 
Other  metallic  oxides  and  salts  have  been  proposed  (all  of  which, 
in  removing  all  sulphide,  also  destroy  the  ferro-sodium  sulphide 
and  precipitate  the  iron),  e.  g.  zinc  oxide  and  carbonate  by  Famell 
(patented  Sept.  2nd,  1870),  lead  oxide  by  several,  ferric  hydroxide 
by  Deacon  :  he  employs  it  in  a  liquor  of  about  7QP  Tw.  at  a  tempe- 
rature of  only  20°  C,  since  he  finds  that  the  liquors  are  coloured  if 
heated  in  the  presence  of  the  metallic  sulphide ;  the  iron  hydroxide 
&c.  are  to  be  brought  into  intimate  contact  by  violent  churning. 
Ammonium  carbonate,  proposed  by  Margueritte  for  decomposing 
the  sodium  sulphide  and  sodium  bicarbonate,  removes  both  the 
latter  and  the  caustic  soda,  but  is  too  dear.     At  Dieuze  lead  sul- 
phate is  employed,  by  which  the  ferro-sodium  sulphide  is  decom- 
posed, leaving  lead  sulphide  and  sodium  sulphate.     In  practice,  at 
any  rate  in  the  manufacture  of  soda  ash,  oxidation  by  air  is  em- 
ployed almost  exclusively  as  the  desulphurizing  means,  best  along 
with  carbonic  acid  to  decompose  the  Na^S,  and  still  better  in  con- 
junction with  MnOs  (Pauli's  process).    We  shall  treat  of  this  later 
on.     Besides,  as  9l  preventative  against  the  formation  of  Na,S,  the 
addition  of  limestone  dust  at  the  end  of  the  balling  process  is  recom- 
mended in  Weldon's  patent,  p.  421. 

A  shape  in  which  the  iron  adheres  even  more  tenaciously  to  the 
liquors,  oxidation  by  air  &c.  being  unavailing,  is  that  of  sodium  ferro- 
cyanide y\kiQ  formation  of  which  by  the  nitrogen  contained  in  the  coal, 
especially  at  a  moderate  temperature,  has  been  mentioned  on  p.  371  • 
On  calcination  this  salt  is  destroyed  ;  and  the  resulting  ferric  oxide 
colours  the  ash  more  or  less.    In  order  to  remove  the  ferrocyanide, 
Oossage  has  proposed  a  peculiar  system  of  evaporation  (see  below), 
which,  however,  has  not  been  successful.     Williamson  (patent  of 
Dec.  6,  1866)  removes  it  Jby  heating  the  strong  liquor  in  an  iron 
steam-boiler  to  155°  C,  at  which  temperature  the  salt  is  destroyed 
and  the  iron  separated  in  an  insoluble  shape.     As  soon  as  the 
pressure  within  the  boiler  has  got  up  to  5^  atmospheres,  samples 
are  to  be  drawn  firom  time  to  time  and  tested  for  ferrocyanide. 
This  process  failed  on  account  of  being  too  expensive ;  the  worst 
drawback    was,   that    during    the    operation   a  hard   crust  was 
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formed  at  the  bottom  of  the  steam-boiler^  which  could  not  be  re- 
moved by  any  means,  and  quickly  destroyed  the  boiler.  Could  not 
this  be  remedied  ? 

It  is,  however,  possible  from  the  outset  to  almost  entirely  ex* 
elude  the  formation  of  ferrocyanide  by  employing  Pechiney's 
improvement  of  the  balling-process  (described  on  p.  421),  as  is 
shown  by  the  analyses  on  p.  452. 
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CHAPTER  VIII. 

BOILING  POWN  THE  TANK-LIQUOR,  AND  CALCINING. 

The  tank-liquor  is  always  concentrated  by  boiling  it  down — either 
evaporating  it  to  dryness  just  as  it  is,  and  then  converting  it  by 
calcination  into  a  commercial  product,  or  so  that  its  solid  consti- 
tuents are  divided  into  several  portions  of  unequal  quality.  In  the 
former  case  pans  heated  from  the  top,  in  the  latter  case  pans  heated 
from  beneath  are  usually  employed;  there  are,  however,  exceptions 
to  this  rule. 

The  construction  of  the  pans  heated  from  the  top  {open  pans)  need 
not  be  entered  upon  here,  since  it  has  been  described  and  represented 
by  diagrams  in  connexion  with  various  black-ash  furnaces,  by  the 
waste  heat  of  which  such  pans  are  always  heated  (pp.  389  and  412) . 
We  need  therefore  only  describe  the  work  in  these  pans.  Before 
using  them,  first  the  doors  have  to  be  put  on.  As  they  cannot 
weU  be  made  to  join  tightly  metal  upon  metal,  and  the  ordinary 
means  of  making  joints  tight  cannot  resist  the  hot  and  very  caustic 
liquor,  a  putty  made  of  pure  lime  or  of  clay  is  employed  for  this 
purpose*  Lime  does  not  stand  as  weU  as  clay ;  but  with  the  latter 
the  greatest  care  has  to  be  taken  lest  on  drawing  up  the  screw, 
when  the  superfluous  clay  is  squeezed  out,  or  later  on,  when  taking 
away  the  door,  any  clay  should  get  into  the  drainer  and  be  calcined 
along  with  the  salt ;  for  in  that  case  the  ash  will  be  contaminated 
by  the  red  burnt  clay. 

After  putting  on  the  doors  the  pan  is  filled  with  clear  settled 
liquor  from  the  settler,  which  is  always  fixed  at  a  higher  level ;  and 
its  contents  are  now  left  to  the  action  of  the  fire-gases  coming  from 
the  ball-furnace.  These  soon  raise  the  temperature  of  the  liquor 
to  the  boiling-point — and  cause  a  rapid  evaporation,  because  the 
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vapours  formed  are  at  once  carried  away  by  the  draught  and  do  not 
interfere  with  the  action  of  the  flame  on  the  surface  of  the  liquid. 
The  draught  certainly  causes  the  loss  of  minute  drops  of  liquor 
thrown  up  in  boiling,  whose  salts  collect  as  crusts  and  deposits  in 
the  flues.  These  can  be  saved  if  the  settlers  are  arranged  as 
described  on  p.  48 — that  is,  if  the  flame  leaving  the  pans  travels 
over  the  top  of  the  liquor  into  the  settlers,  or  if  this  flame  is  used 
for  carbonating  the  liquor  (see  below) .  On  the  other  hand,  the 
draught  easily  carries  away  some  particles  of  the  black-ash  mixture, 
especially  of  sulphate,  and  also  light  ashes  £t*om  the  fire,  into  the 
pan,  which  contaminate  its  contents. 

The  fire-gases  act  both  in  a  useful  and  in  an  injurious  manner — 
the  latter  especially  by  their  sulphurous  acid,  so  far  as  this  has  not 
been  absorbed  in  the  ball-fiimace  itself.  We  shall  later  on  see, 
from  Moorhouse^s  researches,  that  this  contamination  is  not  so  bad 
as  is  usually  assumed — ^viz.  that  it  only  brings  0*1  or  0'2  per  cent, 
of  sulphur  into  the  soda  ash,  including  the  sulphate  mechanically 
carried  over.  According  to  experiments  made  by  Hasenclever 
(Chem.  Industrie,  1878,  p.  8),  the  fire-gases  in  a  six-hours'  trial 
contained  on  entering  the  pan  0*0043  gram  SO^  per  litre,  and  only 
0*0032  gram  on  leaving.  On  the  other  hand,  the  carbonic  acid, 
occurring  in  a  much  larger  proportion,  acts  usefully  by  carbonating 
a  portion  of  the  caustic  and  the  sulphide ;  but  this  action  is  nothing 
like  so  strong  as  is  usually  assumed ;  this  wiU  easily  be  understood, 
as  the  escaping  vapour  much  diminishes  the  direct  contact  between 
the  fire-gases  and  the  liquor.  Partly  for  this  reason,  it  is  not  very 
usual  to  make  caustic  from  the  '^  red  liquors  "  obtained  in  open 
pans ;  but  the  author  himself  has  done  this  on  a  lai^e  scale  \  nor 
does  there  appear,  when  the  analyses  of  such  liquors  given  below 
are  examined,  any  reason  why  it  should  not  be  done.  At  Aussig 
caustic  is  regularly  made  from  red  liquors  obtained  in  open  pans. 

The  pan  is  fiUed  with  liquor  nearly  up  to  the  angle-iron  sur- 
rounding its  upper  edge,  and  filled  up  several  times,  according  to 
whether  it  is  to  be  drawn  once  every  24  or  every  48  hours.  The 
former  is  to  be  preferred,  and,  with  fair  draught,  is  easy  of  attain- 
ment. The  liquor  of  course  boils  most  strongly  at  the  side  next  to 
the  fiimace ;  and  on  this  side  most  of  the  salt  is  separated  as  soon 
as  the  liquor  has  been  sufficiently  concentrated.  The  work  of  the 
panmen  consists  in  moving  from  time  to  time,  towards  the  back  of 
the  pan,  the  salt  forming  in  its  front  part,  by  means  of  iron  rakes 


BOILING  DOWN  THE  TANK-LIQTJOR.  493 

(with  a  head  12  x  6  inches  and  a  shank  12  feet  long  and  1  inch  thick) 
mtrodnced  through  the  upper,  free  openings  of  the  doors,  and  in 
pushing  down  into  the  liquor  the  crusts  of  salt  forming  on  the  sur- 
face, as  otherwise  all  evaporation  would  cease.     The  pan  is  finished 
when  the  separated  salt  reaches  up  to  the  surface  and  its  contents 
have  been  converted  into  a  mixture  of  the  consistency  of  mortar. 
JNow  the  screw-bolts  fastening  the  doors  are  slackened,  and  the 
men  wait  a  few  minutes  till  the  liquor  still  standing  among  the  salt 
in  the  pan  has  run  out  into  the  drainer  through  the  chinks  thus 
fonned ;  then  the  doors  are  taken  oflF  altogether,  and  the  "  black 
salt"  18  drawn  as  quickly  as  possible  into  the  drainer,  one  man  work- 
ing  at  each  door.      The  doors  are  put  on  again  immediately, 
so  as  not  to  interfere  with  the  draught  in  the  ball-furnace,  and 
the  pan  filled  up  again.     When  there  are  two  paraUel  pans,  that 
TThicb  18  bemg  drawn  is  cut  off  from  the  draught  altogether,  so  that 
the  furnace  is  not  interfered  with  at  all. 

The  quantity  of  black  salt  drawn  from  a  hand-furnace  corresponds 
to  25  or  30  cwt.  of  soda  ash ;  in  any  case  each  furnace  must  boil 

down  as  much  liquor  as  is  obtained  from  the  black  ash  made 
lU  it. 

The  open  pans  last  many  years  without  repairs  if  they  are  well 
and  substantiaUy  made  from  the  first  and  their  ends  protected  in 
setting.  The  bottom  suffers  least ;  but  on  the  sides  hard  crusts  of 
salt  soon  form,  which  must  be  removed  at  once,  in  order  to  avoid 
burning  the  pan  by  overheating  it.  This  is  much  faciUtated  by 
building  into  the  pan-arch,  near  the  edge,  a  few  cast-iron  boxes, 
ordinal  y  closed  by  a  cover,  through  which  a  long  chisel  for  break- 
ing  off  the  crusts  can  be  introduced. 

T  ^"^  i™P~^«i  method  of  collecting  the  salts  has  been  patented  by 
J.  C.  Stevenson  (No.  4148,  Oct.  18th,  1878).    A  number  of  vessek 

°'*r*l        "*  P'^^  ^^^""^  *®  ^«^«^  °^  tl'e  P«n>  communicating 
witli  the  same  by  apertures,  which  may  be  closed  by  plug  valves. 

?ii  ^  ""^.Vv  """^  °^  ^^^  T^^^  "«  OP®'^  at  a  time,  and  of  course 
filled  with  hquor  from  the  pan.  As  the  evaporation  goes  on,  the 
salts  are  raked  to  the  plug-hole  and  faU  into  the  pocket,  gradually 
displacnng  the  liquor.  When  one  pocket  is  fall  of  salis,  its  plug 
IS  put  down  and  another  pocket  is  opened  to  receive  in  its  turn  the 
salte  from  the  pans.  The  liquor  in  the  pockets  is  drawn  off  by  a  tap 
in  the  bottom  J  and  the  salts,  when  sufficiently  drained,  are  removed 
by  opening  a  water-tight  door.     The  draining-tap  is  then  shut  and 
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the  door  cloaed;  and  the  plug  being  lifted^  the  pocket  fOls  with 
liquor  from  the  pan^  ready  again  to  receive  the  salts.  A  pipe  in 
the  top  of  the  pocket  allows  the  escape  of  air  when  the  pocket  is 
being  filled  with  liquor.  In  the  meantime  the  other  pockets  are 
shut  off  and  their  contents  allowed  to  drain. 

The  '^  black  salt  ^'  consists  essentially  of  monohydrated  sodium 
carbonate,  mixed  with  a  little  chloride  and  sulphate  and  soaked  with 
mother  liquor,  which  is  called  red  liquor  (from  its  colour,  due  to 
iron  sulphide  and  organic  substances) .  The  latter  contains  most 
of  the  impurities,  and  is  actually  richer  in  caustic  than  in  carbonate. 
A  sample  obtained  by  the  author  from  a  pan  heated  by  top  heat,  of 
specific  gravity  1*334,  contained : — 

grams  per  litre,    per  cent,  by  weight 

Soda  (Na^O)  as  NaOH  1674  126 

„          „       Na^CO, 40-3  30 

„       Na^S 15-5  1-2 

„          „      Na^SjOg    6-2  0-5 

„          „      Na5S04 30  0-2 

(The  chloride  had  not  been  estimated ;  many  other  analyses  like- 
wise showed  a  proportion  of  4  to  1  between  the  soda  occurring  as 
hydroxide  and  carbonate.) 

The  more  red  liquor  drains  ofi^  the  salt,  the  better  it  is ;  and  as 
there  is  not  time  for  thorough  draining  in  the  pan-drainers  between 
two  drawings  of  the  pan,  there  should  be  separate  black-salt 
drainers,  into  which  the  salt  should  be  moved  from  the  pan- 
drainers  and  remain  there  two  or  three  days  before  calcining.  Only 
by  good  draining  can  strong  ash  be  made.  When  the  carbonating 
is  done  by  sawdust,  the  latter  is  already  put  in  the  pan,  and  &cili- 
tates  the  draining  of  the  salt.  This  is  r^ularly  done  on  the  Tyne, 
but  only  exceptionally  in  Lancashire. 

Well-crystallized,  coarse-grained  salt  drains  much  better  than 
fine-grained  or  muddy  salt,  and  yields  better  ash.  Its  colour 
should  be  greyish  white,  not  dark  grey  or  reddish  yellow ;  the 
former  is  due  to  bad  settling,  the  latter  to  ferro-sodium  sidphide. 

If  especially  strong  ash  is  required,  the  black  salt  is  sprinkled 
over  with  water  to  displace  the  red  liquor.  Centrifuging  the  salt, 
as  proposed  by  Gamble,  acts  even  more  thoroughly,  but  is 
rarely  applied  {e.  g.  in  a  few  works  near  Liverpool  and  at  Rouen), 
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as  the  manipulation  of  such  a  caustic  salt  is  unpleasant.  Ralston 
(patent  of  Nov.  15th,  1860)  proposed  to  systematically  wash  the 
black  salt  by  means  of  a  concentrated  pure  solution  of  sodium  car- 
bonate. This  first  removes  the  caustic  and  ferrocyanide  with  a 
little  chloride  and  sulphate,  on  prolonged  washing  also  the  chlo- 
ride, and  at  last  the  sulphate.  Ralston  for  this  purpose  proposed 
a  series  of  iron  tanks  in  which  perforated  boxes  for  receiving  the 
black  salt  were  to  be  suspended,  and  a  solution  of  pure  sodium  car- 
bonate circulttied  through  them  in  the  same  way  as  black  ash  is 
lixiviated.  This  plan  does  not  seem  to  be  followed  in  practice ;  but 
another  plan,  also  proposed  by  Ralston,  is  actually  carried  out  in 
some  places,  viz.  treating  the  black  salt  with  steam  in  a  dosed 
vessel,  and  draining  off  the  condensed  solution.  The  salt  thus  gains 
several  degrees ;  and  this  plan  is  applicable  to  ''  fished  salts  '^  from 
boat  pans  as  well. 

Although,  as  we  have  seen,  there  is  no  reason  why  red  liquor 
from  open  pans  should  not  be  worked  up  for  caustic,  this,  at  least 
in  England,  is  not  very  usual ;  it  is  regularly  pumped  back  into 
the  pans  and  concentrated  along  with  the  next  batch.  It  is  often 
suitable  not  to  charge  each  pan  with  its  own  liquor,  but  to  keep  it 
out  of  some  of  the  pans  and  to  concentrate  all  the  red  liquor  in  the 
other  pans.  Thus,  for  instance,  instead  of  an  average  make  of  52 
degrees,  which  in  England  is  considered  very  fair  for  hand-^fumaces, 
two  qualities  will  be  obtained — one  of  53  or  54  degrees,  and  an- 
other of  from  48  to  50  degrees.  Such  a  separation  is  regularly 
made  in  revolver-pans,  and  the  stronger  salt  got  up  to  56  or 
even  57  degrees. 

Since  a  little  fine  salt  always  ^passes  through  the  holes  in  the 
double  bottom  of  the  drainers  (which  are  made  about  -^  inch 
wide),  and  collects  below  that  bottom  as  a  kind  of  mud,  the  latter 
must  not  be  allowed  to  accumulate  till  the  whole  space  below 
the  false  bottom  is  filled  up;  for  then  the  red  liquors  cannot 
drain  off  and  will  remain  in  the  lower  strata  of  the  black  salt. 
Hence  from  time  to  time  the  very  disagreeable  labour  of  lifting 
the  drainer-plates  and  clearing  out  the  caustic  mud  has  to  be  per- 
formed. It  is  often  calcined  by  itself  to  a  low-quality  ash ;  some- 
times it  is  charged  into  the  lixiviating-tanks,  which  it  disarranges 
a  good  deal ;  the  best  plan  of  all  is  to  pass  it  through  the  black- 
ash  furnaces,  a  little  of  it  with  each  ball. 

In  Lancashire  open  pans  are  sometimes  worked  by  fishing.    In 


this  case  the  pans  have  not  open  pockets  projectiog  in  a  rectan- 
gular way  as  shown  in  the  previous  diagrams,  but  pockets  with 
a  slauting-up  bottom,  as  shown  in  fig.  200  from  the  top,  and 
fig.  201  in  section.  There  are  no  doors  required  here,  as  the  liquor 
cannot  run  out  in  any  case.  The  salt  accumulating  is  constantly 
drawn  towards  the  pockets,  the  open  top  of  which  projects  from 

rig.  200. 


the  pan-arch,  and  gives  free  access  for  working  in  it.  Then  a  work- 
man dips  a  lai^  "  fishing-shovel "  (figs.  203  &  203),  with  a  con- 
cave blade  pierced  with  many  holes,  into  the  pocket,  scoops  out  tbe 
salt,  lets  it  drain  a  little,  and  by  a  quick  movement  throws  it  be- 
hind him  onto  a  stage  fixed  at  some  elevation,  whence  the  drainings 
run  back  into  the  pan.  In  this  operation  some  salt  and  liquor  are 
easily  spilt;  and  it  does  not  give  the  impression  of  cleanliness.  Of 
course  the  pan  drainers  sunk  in  the  ground,  as  previously  described, 
might  be  employed  here  also ;  and  this  in  fact  is  regularly  done 
when  "  fisbing-pans  "  are  employed  in  boiling  down  the  liquor  for 
refined  alkali,  where  the  luting  of  the  doors  with  clay  or  lime-putty 
is  Bonght  to  be  avoided  by  the  employment  of  the  pockets  as  in  6gs. 
200  &  201. 

Another  kind  of  evaporation  by  open  fire  is  frequently  carried 
out  in  France  in  the  "  Marseilles  furnaces,"  for  obtaining  catutic 
tuk  {/tele  caustiquet)*,  as  shown  in  fig,  204.     Each  furnace  has  two 

*  This  article  u  used  in  Fiance  for  washiiig  body-linen ;  but  it  must  for  tbii 
purpose  be  quite  white  and  &ee  bom  iron.    A  higher  price  ia  piud  (bi  it  than  fiv 
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pana,  D  and  £,  commaDicatiDg  with  each  other  and  heated  by  the 
fire  of  the  furnace  ABC.  They  are  filled  with  settled  liquor,  which 
is  brought  in  them  up  to  60°  or  62°  Tw.  (measured  hot)  and  then 


run  into  the  iiiruace  itself.  Its  bed  either  consists  of  firebricks  or 
of  caat>iroii  plates.  In  the  former  case  it  is  covered  with  a  thick 
layer  of  dri^d  soda-salt ;  in  the  latter  it  is  made  of  small  square 
plates  of  cast  iron  closely  put  together,  because  a  single  plate  could 
not  be  kept  from  cracking. 

The  flame  passes  through  the  snore-hole  C,  either  into  the  flue 
C  and  thence  into  the  chimney,  or  into  the  flue  C",  heating  the 
pans  D  and  E  ;  the  dampers  G  and  F  permit  doing  either  the  one 
or  the  other.  Before  running-in  the  liquor,  care  must  betaken  to 
make  the  furnace  very  hot ;  the  fire  is  therefore  passed  directly  into 
C.  If  now  the  liquor  flows  in,  it  is  evaporated  very  quickly,  and 
the  furnace- bed  is  soon  covered  with  a  semifluid  paste.  From  this 
moment  the  famaceman  touches  the  fire  as  little  as  possible;  in 
order  to  prevent  any  coal-ashes  being  carried  away,  to  lessen  the 
heat,  and  to  obtain  a  clear,  oxidizing  flame,  he  shuts  the  damper 
Gj  and  opens  P,  so  that  the  flame  circulates  below  the  pans.  The 
pasty  mass  on  the  bed  is  soon  covered  with  a  reddish  crust,  which 
the  mau  breaks  up  and  rakes  through  with  a  tooth-rake  ;  he  thus 
renews  the  surface  and  facilitates  the  oxidation  of  the  organic  sub- 
stances and  the  sodium  sulphide.  When  the  mass  begins  to  harden, 
the  tooth. rake  is  replaced  by  a  common  rake,  and  the  mass  heaped 

caxbanated  nah.  An  inferior  quality'  of  it  is  uaed  for  making  eau  de  Javelle  by 
passing  cblorina  into  it 
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up  in  a  place  removed  from  the  fire.  The  temperature  now  should 
not  exceed  the  melting-point  of  lead ;  and  care  must  be  taken  that 
the  salt  be  not  fused.  The  man  crushes  and  granulates  it  as  well 
as  possible ;  during  this  it  becomes  quite  white ;  and  when  finished 
it  is  drawn  out  into  iron  waggons.  After  coolings  it  is  passed 
through  a  coarse  sieve ;  that  which  remains  on  the  sieve  is  broken 
up  by  hand  or  crushed  in  cast-iron  mills.  Although  the  soda  salt 
obtained  by  this  process  is  very  caustic  (with  a  total  titre  of  82^ 
DecroiziUes  =88*7  per  cent.  Na^COg,  it  often  has  16°  of  caus- 
ticity, corresponding  to  more  than  17  per  cent.  NasCOs),  it  does  not^ 
with  good  work  and  good  liquors,  turn  yellow  or  black,  even  in 
damp  air. 

The  following  particular  details,  derived  from  practice,  will  be 
welcome  to  some  readers.  The  French  makers,  when  intending  to 
make  caustic  ash,  mix  540  kilog.  sulphate  with  sufficient  chalk  and 
coal,  and  pull  this  out  in  two  balls  (p.  400).  They  lixiviate  at  40°  C, 
only  heating  the  tank  on  the  surface  ,*  the  liquor  is  left  to  settle  for 
two  or  three  days,  and  run  into  the  pans  perfectly  clear.  It  ought 
to  be  of  a  bright  straw-colour,  and  not  turn  either  green  or  brown 
on  cooling.  On  the  addition  of  common  salt  no  FeS  Ought  to  be 
precipitated ;  but  should  there  be  any,  the  liquor  can  be  cleared 
from  it  by  adding  a  little  suljphate— rwhich^  though  it  lessens  the 
strength  of  the  ash,  precipitates  the  FeS  and  makes  the  salt  less 
fusible.  The  liquor  should  contain  at  most  1  or  1*3  part  N^S  upon 
100  dry  salt.  It  should  never  come  to  the  boiling-point  in  the 
pans,  or  stop  in  them  any  length  of  time,  because  thus  it  would 
again  dissolve  some  iron.  The  following  is  the  composition  of  a 
liquor  yielding  fine  white  salt  of  86°  Deer.,  of  which  17°  are 
caustic : — 

grams  per  litre.       .per  cent,  of  solids. 

Na^COa  155-76  6820 

NaOH     4110  1800 

Na,S04  15-71  6-88 

Na^S   4-45  1*45 

Na^S^Os 007  003 

NaCl  7-20  3-16 

Al^Og,  Fe^Og,  SiO^  &c.  4- 12  180 

It  is  best  only  to  run  enough  liquor  into  the  furnace  to  make 
four  batches  of  300  kilog.  caustic  ash  per.24  hours ;  with  very  good 
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men  as  much  as  500  kilog.  can  be  turned  out  in  a  batch ;  but  some 
works  make  only  three  batches  daily.  Each  furnace  is  served  by 
two  men.  When  the  furnace  and  fireplace  have  been  charged^  the 
damper  leading  towards  the  chimney  is  raised  fully  ;  the  coals  are 
sprinkled  a  little  with  water.  After  an  hour  and  a  half  another 
fire  is  put  on^  and  the  dampers  arranged  so  that  the  fire  is  entirely 
drawn  underneath  the  pans.  Now  the  salt  already  collected  on  the 
edges  and  the  bottom  of  the  furnace  is  detached^  pushed  behind, 
and  the  furnace-door  closed.  After  this  the  flame  is  again  allowed 
to  pass  through  the  furnace.  In  20  minutes  the  liquor  begins  to 
solidify  on  the  surface ;  the  crusts  are  pushed  down  with  a  rake, 
the  furnace  closed,  and  this  treatment  repeated  after  10  minutes, 
after  which  the  water  is  almost  all  evaporated.  The  furnace  is 
then  closed  again ;  and  as  the  fire  does  not  give  out  much  smoke 
now,  the  draught  is  cut  down  a  little ;  and  as  this  is  done  after 
each  treatment,  ultimately  the  damper  leaves  to  the  flue  only 
4  inches  opening.  Two  more  operations  with  the  rake  follow; 
and  only  2^  10™  or  2**  20™  after  charging  the  furnace  with  fresh 
liquor  the  man  begins  detaching  the  salt  from  the  bottom  and  the 
sides  with  his  paddle  (slice)  and  crushing  the  lumps  with  his  rake. 
The  fire-door  is  closed  and  the  fire  allowed  to  act  for  a  quarter  of 
an  hour  before  working  up  the  salt.  At  first  a  heavy  rake,  of  a 
semicircular  shape,  is  employed  for  crushing  the  damp  and  close 
mass.  It  is  gradually  brought  forward  near  the  fire-bridge  and 
broken  up  a  little ;  the  furnace-door  is  closed  again,  and  the  back 
end  of  the  bed  left  empty.  Now  (about  2^  45™  after  beginning 
the  work)  the  desulphurization  begins.  The  tool  used  here  is 
similar  to  the  first,  but  with  a  longer  and  lighter  semicircular 
head.  By  means  of  this  the  salt  is  spread  on  the  bed  and  turned 
over,  moved  from  front  to  back,  and  the  surface  constantly  changed. 
If  more  heat  is  needed  for  the  less-finished  portions,  the  fumace- 
door  is  closed  for  2  or  3  minutes ;  but  after,  putting  on  the  second 
batch  of  coals  (see  above),  the  fire  must  not  be  touched  again.  In 
order  that  it  may  bum  on  well,  very  bituminous  coal  should  be 
employed:  that  which  has  been  found  the  best  is  the  ''patent 
fuel,''  made  from  small  coal  by  means  of  coal-tar  pitch ;  it  gives 
out  a  lasting  heat,  and  requires  no  stoking.  About  80  parts  of 
good  coals  are  required  for  100  caustic  ash.  After  3  hours'  work- 
ing, the  desulphurization  is  finished ;  the  workman  tries  this  by 
means  of  an  alkaline  solution  of  lead^  which  must  not  blacken  the 
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salt.  The  operation  U  the  more  difficult  the  more  nadecompoaed 
NaCI  and  the  more  caustic  are  present ;  the  mass  is  then  more 
fusible  and  the  fused  portions  sarroand  the  others,  protecting  them 
against  the  action  of  the  Gre-gas.  The  whole  operation  takes  5j 
hours.  The  salt  is  now  drawn  out,  cooled,  and  sifted  (compare 
what  has  been  said  abore] .  The  bed  is  once  a  week  cleared  of  the 
crusts  (fluxings). 

Pans  heated  from  underneath  are  mnch  more  frequent  than  those 
heated  from  the  top  in  France  and  Germany,  and  are  also  fotmd  in 
many  English  works,  especially  those  making  caustic  soda.  Be- 
votving  furnaces  are  never  provided  with  them.  Evaporation  by 
bottom  Iteat  has  these  disadvantages  in  comparison  with  that  by 
top  heat — that  the  pans  suffer  more,  that  it  takes  more  labonr, 
and  that  the  heat  is  less  completely  utilized ;  but  it  has  the  advan- 
tage of  keeping  the  liquor  purer  and  of  admitting  a  systematic 
separation  of  the  products,  although  the  latter  is  quite  possible 
with  open  pans  too.  It  is  generally  assumed  that  only  by  bottom 
evaporation  can  the  best  white  soda  ash  be  obtained ;  but  in  fact 
several  works,  both  English  and  continental,  by  dint  of  great  care 
turn  out  quite  aa  white  soda-ash  from  open  pans,  and  even  from 
revolvers,  aa  others  from  bottom-heated  pans. 

In  Germany  the  pans  heated  at  the  bottom  are  flat-bottomed,  of 
the  shape  o£  salt-pans,  30  to  30  feet  long,  8  to  10  feet  wide,  and 
18  to  30  inches  deep.  Sometimes  at  the  back  end  of  the  pan  a 
gutter  ia  made  in  the  bottom,  to  Facilitate  the  removal  of  the  salt 
(fig.  205] ;  sometimes  a  central  depression  is  made  (fig.  306]  :  the 
latter  is  a  transition  to  the  system  of  boat  pans,  but  not  equal  to 
them  in  convenience.  In  moat  works  the  pans  have  plain  bottoms 
and  are  fired  like  salt-pans,  either  by  separate  fires  or  by  the  waste 
beat  of  ball-furnaces.     Sometimes  they  have  a  vapour-hood,  which 

Fig.  206. 
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last  from  8  to  24  days,  according  to  the  purity  of  the  tank-liquor. 
The  mother  liquor  then  remaining  is  worked  up  separately  in  a 
similar  way  as  for  caustic  soda. 

Unless  the  crust  forming  on  the  surface  of  the  liquor  is  constantly 
broken  up,  which  requires  much  labour,  the  evaporation  goes  on 
very  slowly ;  hence  mechanical  means  are  quite  in  their  place  here, 
as  we  shall  see  when  describing  Thelen's  pan.  It  would  no  doubt 
be  possible  to  place  in  the  gutters  a  sieve  bent  to  their  shape,  which 
would  fill  with  salt,  instead  of  this  depositing  on  the  pan-bottom 
itself ;  this  sieve  could  be  lifted  out  by  means  of  chains  and  emptied . 
A  similar  arrangement  the  author  has  indicated  in  his  treatise  on 
Coal-tar  (published  in  German,  1867,  p.  148)  for  ammonium  sul- 
phate. 

The  principal  drawback  of  the  bottom-heat  pans,  the  attaching 
of  salt  to  their  bottom,  is  avoided  by  the  pan  with  mechanical 
shovels,  constructed  by  Thelen  (Chem.  Industrie,  1878,  p.  9), 
which  is  shown  in  figs.  207  to  210.  Fig.  207  is  a  sectional  eleva- 
tion, fig.  209  a  plan,  fig.  208  a  section  on  the  line  AB,  fig.  210  a 
section  on  the  line  CD.  Upon  the  cast-iron  end  plates  of  the 
semicircular  pan  the  shaft  W  rests  on  two  bearings  and  is  moved 
by  the  worm  E.  The  rods  F  are  supported  by  stays  and  fixed  to 
the  main  shaft ;  and  to  these  a  system  of  freely  hanging,  slanting 
shovels  or  scrapers  G  is  attached.  These,  on  passing  through  the 
liquor,  touch  the  pan-bottom  and  move  the  salt  towards  the  end. 
There  are  so  many  scrapers  that  no  portion  of  the  pan  remains 
untouched  on  each  revolution^  of  the  shaft.  When  the  salt  has 
arrived  at  the  end  of  the  pan,  it  is  scooped  out  by  a  freely  hanging 
shovel,  whose  sides  are  shaped  to  those  of  the  pan,  so  that  the  salt 
cannot  escape  sideways.  Four  pans  can  be  served  by  one  fireman ; 
the  stirring-apparatus  requires  ^  horsepower.  When  fed  with 
previously  heated  liquor,  each  pan  can  turn  out  18  to  20  cwt.  soda- 
salt  per  24  hours.  A  number  of  these  pans  are  at  work  now  in 
Germany,  and,  from  all  accounts,  have  fully  answered  their  purpose. 

An  English  patent  of  Mactear^s  (March  8,  1875)  also  prescribes 
stirring  up  the  salt  during  evaporation ;  this  is  specially  intended 
for  separating  it  in  a  granulated  state. 

Many  advantages  over  the  flat-bottomed  pans  or  those  provided 
with  gutters  are  offered  by  the  boat  pans  invented  by  Gamble,  and 
called  so  on  account  of  their  shape.  The  object  is  the  accumulation 
of  all  the  salt  on  the  lowest  part  of  the  bottom,  which  is  not  touched 
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bf  the  fire  and  tbua  cannot  aufier  by  the  salt.  TBijs  object  ia  much 
better  attiuned  by  boat  pans  than  by  paos  with  a  central  gutter 
(fig.  206) .  The  salt  elides  down  by  itself  along  the  slanting  sides 
of  the  panj  and  on  boiling  is  naturally  deposited  mostly  in  the 
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central  part^  which  boils  lesa  etrongly.  Lastly,  the  conBtrnction  of 
the  pan  is  such  that  in  it  the  drawbacks  of  angle-irons  and  rivetSj 
mentioned  in  the  case  of  gutters,  are  avoided.  It  is  remarkable 
that,   in  spite  of  the  advantages  offered  by  the  boat  pans,  and 
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althoogli  they  are  so  commoD  in  England,  they  have  made  no  way 
in  Germany;  the  only  intelligible  reason  for  this  is  that  flat- 
bottomed  pans  are  more  easily  bnilt  and  repaired  than  boat  pans. 
These  are  made  both  of  wrought  and  of  cast  iroB,  according  to  their 
especial  destination.  The  former  are  shown  in  figs.  211  to  213,  the 
latter  in  figs.  214  to  216.     For  boiling  down  tank-liquor  for  soda 
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ash,  wrouglit-iroii  pana  are  mostly  employed,  which  can  he  made 
much  larger,  especially  much  longer,  than  cast-iron  ones,  and  hence 
admit  a  better  utilization  of  the  fire.  They  are  made  of  |-inch 
boiler-plate,  with  the  following  precautions.  The  plates  of  the 
bottom  and  the  sides  should  have  no  longitudinal  seams  at  all,  or 
at  most  one  such  ruDuiug  along  the  middle  of  the  bottom ;  the 
cross  joints  should  he  made  with  the  lap  of  the  plate  which  is 
nearer  the  fire  downwards,  so  that  the  fire  shall  not  play  against 
the  joint.  Often,  in  order  to  avoid  rivets,  the  whole  portion  of 
the  pan  above  the  fireplace  for  a  length  of  6  or  6  feet,  and  right 
across  its  width  (that  is,  mostly  above  10  feet),  is  made  of  one 
plate,  which  certaiuly  can  only  be  done  at  the  Lowmoor  or  Bowling 
iron- works.  A  few  brackets  are  riveted  to  the  pan-sides  to  support 
it  on  the  brickwork ;  an  angle-iron  running  round  the  top  serves 
both  for  this  and  for  stifTening  it.  These  pans  can  be  made  of  any 
size ;  a  very  usual  one  is  25  feet  long,  8  feet  wide,  and  2  feet  9  inches 
deep. 

Although  cast-iron  boat  pans  (figs.  214  to  216)  are  usually  em- 
ployed  only  for  caustic  soda,  we  shall  treat  of  them  also  here  for 
the  sake  of  simplicity.  Their  size  is  limited  by  tlie  necessity  of 
their  being  in  one  piece;  the  usual  inside  dimensions  are  12  feet 
length,  8  feet  width,  and  3  feet  6  inches  depth,  with  a  thickness  of 
2  inches  of  metal.  But  few  foundries  can  supply  such  large  cast- 
ings of  the  requisite  quality ;  most  pans  come  from  Messrs.  R. 
Daglish  and  Co.,  of  St.  Helens,  and  from  the  Widnes  Foundry 
Company,  of  Widnes. 


The  seitiry  of  the  boat  pans  is  always  done  in  the  manner  shovu 
a  fig.  217,  not,  as  represented  in  former  treatises,  on  pigeon-holed 

Fig.  217. 


arches,  which  consame  too  much  fuel.  There  are  two  parallel  6re- 
places,  each  Z  feet  wide  and  4  feet  long  (sometimes  a  little  longer) ; 
between  these  there  is  an  18-inch  pillar,  running  along  the  whole 
length  of  the  pan,  carrying  its  bottom  and  keeping  the  fire  off  the 
same.  The  back  wall  of  the  fireplace  slants  upwai-ds,  parallel  with 
the  pan-bottom,  at  a  distance  of  15  inches  from  the  same ;  and  the 
brickwork  is  continued  in  the  same  way  along  the  whole  pan ;  so 
that  two  flues  of  15  inches  height  are  formed,  which,  howeyer,  rise 
a  little  higher  up  than  in  the  fireplace,  viz.  to  a  width  of  3  feet 
3  inches,  measured  along  the  pan-bottom.  The  liquor  must  stand 
at  least  up  to  this  height,  as  shown  in  the  figure.  Behind  the  pan 
the  fines  unite  again  before  entering  the  chimney.  The  flame  veiy 
often  (in  the  case  of  short  cast-iron  pans  regularly)  first  travels 
underneath  another  boat-pan,  set  in  the  same  way.  Frequently 
three  or  four  projections  of  6  inches  height  are  made  on  the  hot- 
torn  of  the  flues,  also  running  parallel  with  the  slanting  pan-bottom, 
and  consequently  only  9  inches  distant  from  it ;  these  saddles  are 
to  force  the  flame  closer  to  the  pan. 

Those  boat-pans  which  are  heated  by  the  waste  fire  of  a  black- 
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ash  furnace  are  set  just  as  shown  here^  except  that  there  are  no 
fireplaces. 

Sometimes^  whilst  the  pan  is  mounted  on  three  longitudinal  pil- 
lars as  hitherto  shown^  the  fireplaces  are  built  against  them  in 
front  as  a  continuation  of  the  two  flues ;   and  in  that  case  of 
course  they  are  arched  over :   each  of  them  then  has  a  grate  of 
2  feet  9  inches  width  and  4  feet  6  inches  length. 

Boat  pans  are  always  employed  for  "  fishing/'  which  is  much 
more  easily  done  in  them  than  in  the  top-fired  fishing-pans  previ- 
ously described.  In  England  mostly  no  vapour-hoods  are  fixed 
over  them^  but  the  steam  is  drawn  off  by  ventilation  from  above. 

The  salt  is  fished  out  from  these  pans  in  a  degree  differing 
according  to  the  strength  of  soda-ash  to  be  obtained^  liquor  being 
fed  in  from  time  to  time.  When  the  point  has  been  reached  where 
the  fished-out  salt  ceases  to  be  pure  enough^  the  red  liquor  is  either 
boiled  down  to  dryness  for  "  caustic  ash/'  or  worked  up  for  caustic 
soda  (as  we  shall  see  afterwards)^  or  carbonated  by  carbonic  acid 
(as  is  explained  at  the  end  of  this  Chapter) . 

The  average  specific  gravity  of  the  red  liquor  from  these  pans  is 
1*315.  For  boiling  them  down  to  dryness,  in  Lancashire  a  furnace 
with  a  dished  bed  is  sometimes  used,  the  working-door  of  which 
is  tightly  shut.  In  this  the  red  liquor,  mostly  with  the  addition 
of  a  little  tank-liquor,  is  boiled  down  to  the  consistency  of  mortar. 
Now  the  door  is  taken  away,  and  the  charge  finished  as  in  an 
ordinary  calcining-fumace.  In  this  way  "  caustic  ash ''  containing 
about  50  per  cent.  Na^O,  8  or  10  of  which  are  present  as  NaOH, 
is  obtained.  This  English  caustic  ash,  however,  is  much  inferior 
to  that  made  in  France  (p.  496),  being  of  a  very  dirty  colour  and 
uneven  grain. 

A  more  systematic  separation  of  the  different  products  is  (or 
was  in  1862,  according  to  Hofmann's  'Report  by  the  Juries,' 
p.  27)  carried  out  by  Kuhlmann.  In  a  pan,  at  the  sides  of  which 
the  respective  heights  are  marked,  the  original  tank-liquor  of  spe- 
cific gravity  1'286  is  first  evaporated  to  seven  twelfths  of  its  volume, 
and  the  salt  precipitated  in  the  meantime  fished  out.  This  yields 
a  very  pure  ash  containing  96  per  cent.  Na^COj.  By  boiling  down 
the  mother  liquor  to  three  sevenths  of  its  volume  and  fishing  out 
the  salt,  a  product  is  obtained  testing  85  per  cent.  Na^COg.  The 
residue,  dried  down  in  a  frimace,  yields  a  very  caustic  ash,  charged 
with  all  the  soluble  impurities  of  the  liquor. 
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More  accurate  experiments  on  this  subject  have  been  made  hj 
Kolb  (Ann.  Chim.  Phys.  x.  p.  106).  According  to  him  the  several 
salts  are  not  precipitated  exactly  in  the  succession  corresponding 
to  their  degrees  of  solubility^  because  when  occurring  together  in 
a  liquor  they  influence  the  solubility  of  one  another.  When,  e.  g. 
a  liquor  a  was  concentrated  up  to  the  first  separation  of  salt^  and 
then  samples  of  the  salts  were  taken  at  seven  different  degrees  of 
concentration  (assuming  that  the  volume  of  the  liquor  at  the 
point  at  which  the  first  separation  of  salt  began  was  =  100)^  they 
showed  the  following  composition  : — 


Liquor  a 
=  100 

TOIS. 

Residual  Tolume  of  the  liquor  a  at  the  time  of 
taking  the  samplan,  per  cent. 

27 

24 

20 

15 

10 

5 

2-6 

Sodium  carbonate    . . . 

81-6 

88-2 

90-4      88-8 

1 

85-2 

71-3 

671 

43-3 

„      hydrate   

8-2 

2-9 

4-0  ;     6-7 

8-0 

10-6 

14-3 

277  ; 

H      sulphide 

0-1 

trace. 

trace. 

trace. 

trace. 

OOl 

0-35 

1-3 

,f      chloride  

6-9 

2-8 

2-6 

2-7 

4-3 

6-4 

9-3 

203 

1,      sulphate  

4-3 

1-4 

1-6 

1-4 

2-6 

9-8 

6-8 

2-6 

Silica  and  alumina    f 
Iron  sulphide  [ 

1-2 

4-2 

trace. 

0-9 
trace. 

0-8 
trace. 

0-6 

trace. 

1-2 
trace. 

1-1 
01 

4-6 
0-2 

101-3 

99-6 

99-4 

99-4 

100-6 

993 

99-0 

lOOO 

The  salt  in  the  last  column  is  quite  impure  red  mother-salt. 

From  the  above  analyses  the  following  rules  can  be  deduced. 
In  liquors  containing^  idong  with  sodium  carbonate  as  principal 
constituent^  caustic,  phloride^  and  sulphate,  on  increasing  the  con- 
centration^ first  the  last-named  will  increase  together  with  the 
carbonate ;  the  chloride  will  remain  in  the  liquor  almost  to  the 
very  last.  The  more  caustic  a  liquor,  the  more  perfectly  the  sul- 
phate and  chloride  are  separated ;  and  the  caustic  accumulating  in 
the  liquor  ultimately  causes  an  almost  perfect  separation  of  all 
other  salts.     [This  fact  has  long  been  recognized  in  manufacturing 
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caustic  soda^  as  we  shall  see  later  on.]  If  the  fished-out  salts  be 
more  specially  considered^  the  precipitation  of  the  carbonate^  which 
in  the  beginning  is  influenced  by  the  sulphate^  describes  an  ascen- 
diug  curve^  long  remaining  stationary  if  only  little  sulphate  was 
present;  the  curve  soon  drops  quickly  when  the  chloride  and 
caustic  begin  to  act.  When  the  soda  has  been  made  from  sulphate 
containing  very  little  chloride,  the  salts  first  fished  are  poorer  in 
carbonate  than  the  following  ones.  If,  howQyer,  the  sulphate 
(and  consequently  the  tank-liquor)  contained  much  chloride,  the 
salts  first  separated  are  richest  in  carbonate ;  afterwards  the  per- 
centage decreases  until  all  NaCl  has  been  separated  by  the  caustic, 
whereupon  the  original  percentage  of  soda  is  reached  again.  If, 
lastly,  the  liquor  is  rich  both  in  sulphate  and  chloride,  the  per- 
centage of  soda,  initially  low,  is  raised  by  the  elimination  of  the 
sulphate^  remains  stationary  for  a  short  time,  and  then  again  is 
lowered  by  the  influence  of  the  chloride. 

The  foUowing  Table  (from  Payen's  '  Pr^cis,^  1877,  i.  p.  468) 
gives  an  idea  of  the  composition  of  the  successively  separated  salts 
after  calcining : — 


Alkalimetrical  titre,  ao-l 
oordiiig  to  Becroizillee  j 

Oaiutio  titre,  ditto   

German  alkalimetr.  de-1 
gree8(7oOfNi4003).../ 

NaaOOg 

NaOH  

NaaSO^ 

Naa 

Fe.  SiOy  ALjOj.  oxidiO 
sable  sulphur j 

Insoluble 

Water    


1. 

2. 

a 

92 

89-5 

82-6 

1 

2 

10 

W-6 

96-8 

89-25 

98-20 

94-60 

77-42 

0-80 

1-60 

8-16 

0-60 

0-80 

.    716 

0^50 

9-90 

710 

•  a  • 

0-05 

■ 

0-17 

■  •  • 

205 

•  • « 

•  «  • 

■  •  • 

•  •  • 

4. 


6. 


78-2 
17-2 
84-6 
70-61 
1403 
8-06 
710 
0-21 


60-5 

8000 

65-5 

33-00 

24-60 

330 
33-30 

6-90 


6. 


74 
73 
80O 

1-16 
2910 

100 
1107 

104 

•  •  > 

66-3 


The  salts  1  and  2  giye  an  ash  of  90°  Deor. ;  3  and  4,  one  of  84  or  86  down  tp  80^ ; 

5,  a  weak  caustic  ash ;  6  is  the  red  liquor. 


Other  Concentrating  Apparatus. 

These  have  found  very  little  application  in  alkali-manu&cturing, 
ingeniously  constructed  as  some  of  them  are.  We  point  out  espe- 
daily  the  wire-rope  tower  of  Ungerer,  which  will  be  described  in 
treating  of  the  carbonation  of  the  liquors. 

A  proposal  has  been  patented  by  Kneller  (Dec.  22,  1S13)  for 
injecting  steam  or  hot  ^r  by  a  system  of  pipea  through  the  liquor- 
pan,  in  order  to  preserve  the  pan  and  to  obtain  a  purer  salt  than 
by  employing  top  heat. 

A  very  ingemoua,  but  too  complicated,  apparatus  was  patented 
by  Gossage  (June  15  and  Oct.  4,  1853).  As  his  principle  seems 
good,  we  give  the  following  short  description.     lu  fig.  318  all  the 

Fig.  218. 
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either  t  ^  ^e  uixderstood  as  on  a  level.     A  A  are  heated  directly 

^^mm^jj^  *^^*!  ^^s  o'  ty  tlie  waste  heat  of  a  furnace.     They 

''  <^oolijj  ^^^  ,T^*^  ®^^  ^*^®'  '^y  *^®  channel  a,  and  with  the 

^^^tixjg.  ^^^'  ^^  ^y  *^®  channel  C.     B'  communicates  with  the 

^y  the  ch         ^^  **^®  channel  D,  and  E  with  the  cooling-pan  B" 

^^^^olin^  n  *^^!  ^'  ^"^  ®^  ^^^'^  through  the  whole  series.     Each 

^^iiy  biih?/  ^'  ^''  *^'  '^^  *  ^®^^^  ^''  ^"'  *^'  ^^^  dividing  into 
&c.    by   ^^^^^  a  current  of  air  blown  in  through  the  pipes  H^  H% 

"^^ith  a.  Jia  ^^^  ^^  ^  air-pump.     I',  1%  &c.  are  cocks  connected 

^^^h^  liouo  °^"*^'^'    ^^^^  ^^  ^^^  heating.pans  A  A  up  to  N  is  fed 

^^^olixi^  j^' '  ^^  ^'^^^  **^^8  has  been  concentrated  so  far  that  on 

1^  so  ^■^^   ^  ^^  degrees  it  would  separate  salts^  more  liquor  is 

.  .^ »    ^,     **  .^®  liot  concentrated  liquor  flows  over  through  C 

^   '^^Ixich    l''^  ^^  cooling  is  promoted  by  blowing  in  a  stream  of 

'^^G  xnother  r  ^  '^^^^'^  evaporation.     Here  salt  is  deposited,  whilst 

it  is  a^ain  h  ^^^^'  ^^^®  through  D  into  the  heating-pan  E,  where 

^^9  axid   SQ   ^  ^^  *^d  concentrated,  flows  over  into  the  cooling-pan 

.    •        ^y  ztiea  ^^  *^®  ^^*  mother  liquor  runs  away  through 

^^to  eaoh  of  t^  ^*  *^^  ^^'^  ■'^^^  ■"•"'  ^^'*  ^®  much  fresh  liquor  is  run 

*^®iiti*ateci  Jxri         '^eating-pans  as  prevents  the  overflowing  hot  con- 

«xuaIJ  «nou    t  ^^  ^^^  depositing  the  salt  instantly,  but  not  after  a 

quentjjr  froj^  ^^^  cooling.     If  liquor  free  from  Na^S  (and  conse- 

pure  soda  aali     ^^^  ^®  employed,  the  salt  deposited  in  B*  yields  very 

caustic  and    f "      ^^*^t  in  B^  contains  already,  along  with  carbonate, 

^l^ere  it    i^   ^*^<>cyanide  in  sensible  quantities ;  it  is  put  into  B^ 

i^tter  are  ^01^^?®*  completely  cleared  of  these  impurities.     The 

^ung--.p^j^  .      ^  m  gradually  increasing  quantity  in  each  successive 

'utiniatejjr  ^L^^^  *^®  ^^*s  are  moved  from  pan  to  pan  until  they 

"®  ^^UtUul^t    ^^^  ^''     ^"®  *^   ^^  ^  nearly  pure  carbonate  will 

very  inuct  oa.         •  from  B',  on  the  other  hand,  a  liquor  containing 

M  will  l>e  doar*  V^^  *^d  ferrocyanide  will  run  out,  which  is  treated 

enmneratea  th  ^^^  directly.     \^e  will  first  mention  that  Gossage 

into  the  Hqi^j^^  Allowing  improvements  : — heating  the  air  injected 

the  chatixiel  l>   ^        promote  evaporatiou ;  placing  a  paddle-wheel  in 

«qmd,  8co.       rp,   ^^^en  the  two  pans  to  ensure  the  circulation  of  the 

by  washing,  th  '^*  mother  liquor,  along  with  the  liquor  obtained 

with  a  coneen^   P^re  alkali  with   water  or  (according  to  Ralston) 

completely  ^^  ^^ted  solution  of    pure  soda,  are  to  be  causticized 

crystallixatio^  ^^^e,  and   the  ferrocyanide  obtained  from  them  by 

VOL.  Ij, 

2l 
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Of  course  boiling-down  pans  might  be  heated  by  any  other  waste 
heat  than  that  of  a  ball-furnace.  We  will  only  mention  that  now 
and  then  the  gases  from  coke-ovens  and  blast-furnaces  have  been 
used  for  this  purpose^  viz.  at  Wallsend  and  Walker-on-Tyne. 

A  patent  taken  out  by  J.  Dale  (Feb.  24,  1859)  makes  use  of 
the  latent  heat  of  steam  by  carrying  the  steam  from  a  pan,  closed 
for  this  purpose,  through  a  coil  of  piping  into  the  liquor  con- 
tained in  a  second  pan,  and  the  steam  given  off  in  this  into  a  third 
pan,  the  pressure  of  course  decreasing  in  each  consecutive  pan. 
This  process  was  actually  used  at  Washington  for  concentrating 
weak  caustic  liquors,  but  has  not  made  its  way  elsewhere  into 
alkali-works,  because  there  are  great  practical  difficulties,  the 
apparatus  needing  incessant  repairs,  &c.  The  same  principle  is 
used  in  all  beet-root-sugar  works ;  but  there  the  liquors  do  not 
act  upon  metals  and  deposit  salts,  at  any  rate  at  that  stage. 

Another  concentrating  apparatus,  patented  by  Stevenson  and 
Williamson  on  July  2nd,  1856,  is  at  work  only  in  the  factory  of 
its  inventors  at  South  Shields ;  but  it  yields  very  good  results  for 
the  purest  alkali.  The  following  is  a  short  description  of  it : — 
Fig.  219  shows  an  elevation,  fig.  220  a  top  view,  fig.  221  a  sec- 
tion of  this  apparatus,  which  is  intended  to  heat  the  pan  only  by 
fire  applied  at  the  sides,  not  at  the  bottom,  and  to  prevent  any 
incrustation  of  salt  on  the  heating- surface.  A  is  a  cylindrical 
pan,  ending  at  the  top  in  a  truncated  cone ;  it  is  heated  by  the 
fireplace  B  or  some  waste  heat,  the  flame  travelling  in  a  flue  C 
round  the  largest  part  of  the  vessel.  In  the  centre  there  is  a 
vertical  axis  E  to  which  arms  F  F  are  fixed,  which  nearly  reach 
to  the  side  of  the  pan.  The  gearing  GH  and  the  fast-and-loose 
pulley  J  serve  for  moving  the  axes  with  its  stirring-arms,  which 
prevent  any  salt  from  incrusting  the  side  of  the  pan.  Between 
the  fireplace  B  and  the  end  of  the  flue  C  there  is  an  opening  D 
in  the  pan,  beginning  below  the  level  of  the  liquor  and  forming 
a  communication  with  the  settling-vessel  K.  The  salts  pass 
through  D  into  K,  where  they  subside,  are  lifted  by  the  elevator 
L,  and  deposited  in  a  drainer  M  with  a  finely  perforated  bottom 
from  which  the  mother  liquor  alwjiys  runs  back  into  the  pan.  O 
is  the  pulley  for  moving  the  elevator.  The  top  part  P  with  the 
pipe  Q  serve  for  carrying  away  the  steam ;  R  is  the  feed-pipe  with 
its  cock. 
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Carbonating  and  Oxidiziru/  the  Liquors. 

In  most  English  works  the  settled  tank-liquor  is  boiled  down 
as  it  is ;  and  along  with  the  pretty  pure  sodium  carbonate 
(Na^COg -I- HgO)  which  separates^  a  very  caustic  mother  liquor, 
the  red  liquor,  is  obtained,  which  contains  very  much  caustic  with 
a  good  deal  of  sulphide  and  of  the  minor  impurities  of  the  tank- 
liquor.  Wherever  the  red  liquor  is  worked  up  for  caustic,  it  is  in 
any  case  separated  as  much  as  possible  from  the  salt,  and  the  latter 
calcined  by  itself,  which  is  done  without  any  diflficulty.  But  where 
no  caustic  is  made,  and  no  red  liquor  can  be  kept  separate,  the 
caustic  and  sulphide  must  be  removed  by  the  process  oi  carbonating. 
On  the  Tyne  this  is  always  done  by  putting  sawdust  in  the  pans, 
which  on  calcining  bums  and  gives  off  carbonic  acid,  the  latter 
converting  the  larger  portion,  but  never  the  whole,  of  the  caustic 
into  carbonate ;  the  sulphide  and  the  intermediary  oxides  of  sul- 
phur, such  as  sulphite  and  hyposulphite,  pass  over  to  a  very  small 
extent  into  carbonate,  the  largest  portion  into  sulphate. 

The  process  of  carbonating  with  sawdust  in  the  furnace  is  diffi- 
cult ;  and  in  the  best  case  the  ash  still  retains  1  per  cent.,  but  more 
usually  2  per  cent.  Na^O  in  the  state  of  NaOH.  Nearly  all  the 
Na^S  is  lost,  as  it  is  converted  into  sulphate,  which  is  not  paid  for 
in  the  price  of  soda  ash.  Lastly,  in  this  process  the  FeS  dissolved 
by  means  of  Na^S  in  the  liquor  is  not  removed,  but,  on  calcining, 
converted  into  ferric  oxide,  which  stains  the  ash  yellow. 

A  much  more  rational  process  is  carbonating  with  carbonic  acid. 
To  some  extent  a  transition  to  this  process  is  that  of  oxidisnng  by 
air,  which  also  serves  for  other  purposes,  and  which  was  introduced 
by  Gossage  (patent  May  18th,  1853).  We  shall  describe  this  first, 
as  it  can  be  applied  to  the  treatment  of  tank-liquors  for  ash,  although 
it  is  usually  employed  for  caustic  (oxidation  by  means  of  chloride 
of  lime  or  nitrate  of  soda  is  probably  exclusively  used  for  producing 
caustic,  not  for  carbonate) .  For  this  purpose  an  iron  tower,  filled 
with  coke  or  any  other  suitable  material,  is  employed,  on  the  top 
of  which  the  liquor  is  pumped,  divided  by  some  contrivance  into 
many  jets,  and  run  down.  The  top  of  the  tower  is  connected  with 
a  good  chimney ;  or  a  draught  is  produced  in  it  by  means  of  a  jet 
of  steam.  Round  its  bottom  a  large  number  of  holes  are  made ; 
through  these  a  continuous  current  of  air  is  aspirated,  which  on 
coming  into  contact  with  the  liquor  finely  divided  by  the  coke, 
gradually  oxidizes  the  sulphide  to  sulphite  and  ultimately  to  sul- 
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phate,  precipitating  the  FeS  in  an  insoluble  form.  The  liquors 
should  be  about  42°  to  50°  Tw.,  and  should  be  employed  hot.. 
Usually  the  oxidation  is  not  perfect  by  one  passage  tbroagh  the 
tower,  and  the  liquor  must  be  pumped  up  and  run  down  again, 
sometimes  repeatedly,  till  it  has  become  quite  colourless  and  gives 
no  reaction  upon  sulphides  with  lead  paper.  Now  the  liquor  ia 
allowed  to  settle;  the  FeS  &c.  are  deposited,  and  the  clear  part 
conveyed  away  for  evaporation  &c.  Thus  the  iron  is  kept  out  of 
the  soda  and  this  obtained  of  a  much  whiter  colour.  A  tower  of 
30  feet  height  and  8  feet  diameter  is  said  to  suSSce  for  a  weekly 
make  of  50  tons. 

The  application  of  Gossage's  coke-tower,  which  serves  both  for 

oxidizing  and  carbonating,  has  several  drawbacks.     As  it  can  only 

be  made  of  moderate  height,  the  liquors  must  be  pumped  up  several 

times,  at  the  cost  of  much  labour  and  some  mechanical  loss  of  soda. 

Also  the  packing  of  the  tower,  be  it  coke  or  any  other  material, 

absorbs  much  soda,  which  cannot  easily  be  recovered.     The  loss 

from  these  sources  is  estimated  at  3  or  3  per  cent,  of  the  total  soda. 

[The  application  of  wire  ropes  or  chains  on  lingerer's  principle  (see 

below)  would  no  doubt  overcome 

^'  222.  this.]       Hence    in    many    works 

Gossage's   oxidizing    towers   have 

been    replaced    by    Hai^reaves's 

apparatus    (Chem.    News,   xiii.  p. 

365),  which  in  the  manufacture  of 

caustic  is  also  intended  to  do  away 

with  bleaching-powder  and  nitrate 

of  soda.    It  is  shown  in  figs.  232 

and   223    as    actually    employed. 

Fig.  223. 
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It  is  a  cylinder  of  f -inch  boiler-plate,  6  feet  wide,  7  feet  high,  open 
at  the  top,  with  a  perforated  false  bottom  15  inches  above  the  true 
bottom,  filled  with  liquor  up  to  three  quarters  of  its  height.  In 
the  centre  a  4-inch  pipe  a  passes  through  the  false  bottom  and  has 
below  this  four  large  lateral  holes ;  above  the  cylinder  a  lead  pipe 
b  of  half  the  width  is  attached  to  it,  which  at  the  top  is  widened 
out  a  little.  A  steam  jet  from  a  l^inch  pipe  c  enters  into  it  cen- 
trally ;  and  the  steam  (of  about  45  lb.  pressure),  on  rushing  through 
b  and  c  into  the  liquor,  forces  air  along  with  it  through  the  funnel 
of  b,  and  the  more  so  as  it  is  soon  condensed  in  the  tsold  pipe.  The 
air  escaping  through  the  lateral  openings  of  a,  is  by  the  holes  of  the 
false  bottom  divided  into  many  jets,  and  causes  the  liquid  to  bubble 
violently ;  the  intimate  and  manifold  contact  into  which  it  comes 
with  the  air,  together  with  the  heating  caused  by  the  steam,  bring 
about  the  oxidation  of  the  sulphide.  With  an  apparatus  of  the 
above  dimensions,  and  45  lb.  steam -pressure,  it  takes  from  3  to  5 
hours  to  oxidize  the  liquor  so  far  that  it  ceases  to  give  any  black 
colour  with  lead  paper.  The  Na^S  is  then  completely  oxidized^ 
and  the  FeS  precipitated  j  but  there  are  still  sulphites  and  hypo- 
sulphites present,  which  are  oxidized  on  calcining.  Hargreaves's 
apparatus  is  nothing  but  an  imperfect  kind  of  injector ;  it  consumes 
very  much  steam  for  a  comparatively  small  amount  of  work,  with 
corresponding  dilution  of  the  liquor,  and  is  most  advantageously 
replaced  by  the  rationally  constructed  Koerting  injectors. 

Much  more  efficient  than  treatment  with  air  only  is  that  with 
carbonic  acid  only  (patented  by  Shanks,  on  May  27th,  1841),  or 
with  air  and  carbonic  acid  together.  Already  in  1838  Beringer  had 
proposed  the  treatment  of  red  liquors  by  carbonic  acid  (Pharmaceut. 
Centralhalle,  1838,  p.  559),  and  recommended  the  employment  of 
lime-kiln  gases  for  this  purpose;  but  this  idea  was  first  practically 
carried  out  in  England.  By  it,  in  the  first  place  the  caustic  is 
converted  into  carbonate  (which  in  the  oxidizing  treatment  is  done 
very  imperfectly  by  the  small  amount  of  COj  contained  in  the  air) ; 
the  Na^S  is  decomposed,  and  at  least  a  good  portion  of  it  converted, 
not  into  sulphate,  but  into  carbonate,  and  is  thus  obtained  in  an 
available  form.  Thirdly,  the  sodium  aluminate  and  silicate  are 
also  decomposed.  In  this  operation,  according  to  Stroof  (Wagner's 
Jahresb.  1872,  p.  259),  from  red  liquor  a  salt  of  the  formula 
2Na2Si08  +  Al4Si80i2-f  6H3O  is  separated;  on  evaporation  to  52® 
Tw.  [but  this  is  only  the  strength  of  fresh  tank-liquor?]  another 
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salt,  2NajSi03  +  2 AlgSiOg -h SH^O  is  obtained.  Scheurer-Kestner 
found  that  by  the  action  of  COg  on  tank-liquor  an  aluminium  sili- 
cate WBB  separated  having  the  composition  32'32  SiO,,  43*45  Al^O^, 
23-93  H30= ALiSiaOis-f  6  H^O  (Rep.  Chim.  Appl.  iii.  p.  446). 

The  ash  is  much  whiter  when  made  by  this  process  than  other- 
wise. The  treatment  with  CO^  is  more  rarely  applied  to  tank- 
liquors  as  a  whole,  than  to  red  liquors  if  these  are  not  to  be  worked 
up  for  caustic.  Shanks  had  proposed  to  apply  it  to  the  black  ash 
broken  into  pieces  and  moistened  in  closed  vessels ;  but  himself 
preferred  the  application  of  coke-  or  pebble-towers.  Where  at  Ihe 
same  works  caustic  is  made  from  tank-liquor  by  means  of  lime,  the 
CO2  escaping  on  burning  the  lime  is  the  simplest  and  cheapest 
source  for  it.  (Carbonic  acid  made  from  HCl  and  CaCOs  now- 
adays only  pays  in  a  few  places  where  much  weak  acid  is  run  to 
waste.)  The  top  of  the  lime-kiln  is  connected  by  a  flue  with  the 
coke-tower  placed  at  a  higher  level;  or  an  air-pump  is  put  in 
between,  which  is' dearer  and  necessitates  cooling  the  gas.  Har- 
greaves^s  apparatus  can  be  employed  here  as  well,  especially  when 
a  Koerting^s  injector  is  adopted,  which  is  made  for  aspirating  other 
gases  than  air.  According  to  Stott^s  patent  of  Nov.  27,  1855,  the 
CO2  is  to  be  pumped  in  under  pressure.  Usually  iron  cylinders  of 
20  to  40  feet  height  and  about  5  feet  wide  are  employed,  standing 
in  a  saucer  forming  a  water-lute ;  the  impure  COg  gas  enters  at  the 
bottom  and  escapes  at  the  top ;  the  liquor  is  run  down  continuously 
or  at  intervals  by  some  distributing  arrangement.  In  the  place  of 
coke,  earthenware  cylinders  or  pots  are  sometimes  employed,  which 
permit  the  recovery  of  a  portion  of  the  adhering  crusts  of  salts, 
very  difficult  with  coke. 

A  very  perfect  carbonating  apparatus  is  found  at  the  Ludwigs- 
hafen  works.  There  are  three  iron  cylinders  about  6  feet  wide 
and  12  feet  high,  without  any  coke  packing  &c.,  filled  with  liquor. 
The  gases  of  a  lime-kiln  are  pumped  by  a  strong  air-pump  alter- 
nately into  one  or  the  other  of  the  cylinders  first ;  and  from  this 
they  pass  into  the  second  cylinder,  and  sometimes  from  that  into 
the  third.  The  liquor  is  in  each  cylinder  treated  first  with  the 
partially  spent,  then  with  the  strong  gas,  till  it  is  completely  car- 
bonated ;  by  admitting  a  little  steam  the  action  is  hastened  and  is 
finished  in  2  or  3  hours.  Then  the  liquor  is  forced  into  settlers  by 
means  of  an  ordinary  air-pump  and  a  delivery-pipe,  the  cylinder 
itself  serving  as  a  forcing- vessel. 
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The  simplest  kind  of  carbonating  is  that  with  fire-gases^  which 
can  be  combined  in  a  very  rational  way  with  the  concentration ; 
but  the  soda  ash  is  not  quite  so  white  as  with  the  application  of 
pure  gas  entirely  free  from  smoke  and  coal-ashes.  For  this  pur- 
pose^ behind  the  boiling-down  pan  (which  may  be  heated  from  top 
or  bottom)  a  tower  is  erected^  in  which  the  settled  tank-liquor  is 
run  down,  and  from  which  it  goes  directly  into  the  pans.  The 
fire-gases  from  the  black-ash  furnaces,  having  previously  heated 
the  pans,  pass  through  the  tower,  and  from  its  top  to  the  chimney ; 
this  might  be  effected  by  means  of  a  horizontal  flue  made  of  iron 
at  the  bottom  (say  an  old  steam-boiler  cut  in  two)  and  arch^  over 
at  the  top,  serving  at  the  same  time  as  settler  and  store-tank  for 
the  liquor.  The  sketch,  fig.  224,  will  make  this  clear.  A  denotes 
the  furnace,  B  the  pan,  C  the  tower  (fitted  with  chains  or  wire- 
ropes  stretched  by  weights  or  by  screwing  down),  D  the  half  of  an 
old  boiler,  arched  over,  or  some  other  flue  leading  to  the  chimney. 
In  such  an  apparatus  the  tank-liquor  would  first  be  pumped  into 
the  flue  D,  serving  as  a  settler ;  from  this  it  would  run,  divided 
into  many  jets  by  means  of  the  pipe  a,  through  the  tower  C ;  and 
as  on  its  way  it  met  the  carbonic  acid  and  oxygen  of  the  fire-gas, 
,it  would  be  oxidized  and  carbonated  by  the  latter,  also  utilizing  the 
heat  to  the  utmost.  It  then  runs  by  the  pipe  b  into  the  pan  B, 
where  it  is  finished.  The  fire-gases  travel  the  opposite  way  to  the 
liquor. 

The  inner  fitting-up  of  the  tower  is  very  important  here.  It 
might  be  filled  with  coke,  broken  pots,  &c. ;  but  this  is  not  prefer- 
able, because  it  would  cause  a  loss  of  soda,  and  if  the  tower  were 
empty  at  any  time  the  coke  might  even  take  fire.  The  tower 
would  have  to  be  very  high  indeed  for  completely  purifying  the 
liquor,  as  the  action  of  the  gases  is  not  very  quick ;  and  it  would 
not  be  very  practicable  to  place  such  a  tower  behind  a  black-ash 
furnace,  owing  to  the  check  it  would  give  to  the  draught ;  so  that 
some  other  source  of  fire-gases  would  have  to  be  employed. 

Another  arrangement  might  be  given  to  the  tower  by  fixing  a 
number  of  horizontal  or  slightly  inclined  shelves  within  it,  leaving 
alternately  at  one  side  or  the  other  a  sufficiently  wide  space  for  the 
passage  of  the  fire-gases,  so  that  they  would  be  compelled  to  ascend 
in  a  zigzag  course  and  meet  the  liquor  running  down  in  a  thin  jet 
(similar  to  the  absorption-tower  for  nitrous  gas  or  hydrochloric  acid 
shown  in  fig.  160,  Vol.  I.  p.  378) .    This  apparatus,  recommended  by 
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Gossage  for  concentrating,  has  the  disadvantage  when  us^  for  that 
purpose  that  the  salt  adheres  to  the  plates  and  is  difficult  to  get  off ; 
hence  it  should  not  go  so  far  as  to  deposit  any  salt.  This  might  be 
more  easily  avoided  behind  the  concentrating-pans^  where  the  gases 
are  much  cooled  down ;  neither  would  the  reproach  of  checking 
the  draughts  be  so  deserved  here  as  with  a  coke- tower  &c. ;  but  the 
contact  between  liquor  and  jQre-gas  is  too  slight^  and  the  oxidizing 
and  carbonating  action  too  slow.  In  any  case^  on  account  of  the 
precipitates  of  iron  sulphide  and  aluminium  silicate  (p.  518),  the 
tower  would  require  to  be  frequently  cleaned  out,  an  operation  not 
very  easy  to  perform. 

By  far  the  most  perfect  apparatus  for  this  purpose  is  that  patented 
by  Ungcrer  on  Oct.  10th,  1872,  which,  though  only  destined  by 
the  inventor  for  concentrating  liquids  by  hot  air,  at  the  same  time 
performs  the  oxidizing  and  carbonating  function  better  than  any 
other  apparatus.  It  consists  of  an  iron  tower,  or  a  brick  tower 
lined  with  sheet  iron,  the  top  of  which  consists  of  an  iron  pan  with 
perforated  bottom.  From  this  several  hundred  wire  ropes  hang 
down  and  are  kept  perpendicular  by  a  stretching  arrangement  at 
the  bottom.  In  this  tower  the  fire-gases  ascend  ;  the  liquor  runs 
down  upon  the  wire  ropes,  and  that  in  a  spiral  course,  following 
the  twist  of  the  rope,  thus  being  exposed  to  the  action  of  the  gases 
on  an  immensely  extended  surface ;  the  evaporating,  oxidizing,  and 
carbonating  action  of  the  gases  is  thus  utilized  to  the  utmost  with- 
out materially  interfering  with  the  draught,  if  the  tower  is  wide 
enough,  as  the  gases  only  ascend  vertically;  Even  a  separation  of 
salts  does  no  harm,  because  they  can  be  made  to  come  off  by  shaking 
the  ropes.  In  the  place  of  wire  ropes,  chains  may  be  employed, 
which  can  be  cheaply  bought  when  rejected  for  lifting ;  a  stretching 
arrangement  can  then  be  dispensed  with.  Ungerer^s  apparatus 
will  also  be  most  advantageously  employed  for' carbonating  by 
means  of  carbonic  acid  taken  from  a  lime-kiln  or  made  by  means 
of  hydrochloric  acid. 

The  most  recent  and  probably  the  most  efficient  plan  for  removing 
the  sodium  sulphide,  and  with  it  most  of  the  iron,  from  tank-liquor 
is  that  patented- by  Pauli  (April  2nd  and  18th,  1879,  Nos.  1306  and 
1530).  To  the  Kquor  a  very  small  quantity  of  powdered  dioxide 
of  manganese  is  added,  or,  preferably,  of  washed  Weldon  mud,  t.  e. 
recovered  manganese  (comp.BooklV.Chap.VI.);  and  air  and  steam 
are  injected  by  means  of  a  Koerting's  blower.     The  Na^S  is  oxi- 
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dized  by  the  MnOg ;  and  the  latter  is  continually  regenerated  by 
the  air,  thus  acting  as  a  carrier  of  oxygen  to  the  Na^S.  In  this 
way  the  oxidation  of  Na^S  takes  place  with  extraordinary  rapidity 
and  completeness.  When  it  is  finished,  the  liquor  is  dlowed  to 
settle :  the  manganese  sinks  to  the  bottom ;  the  supernatant  solu- 
tion is  drawn  oflF;  and  fresh  tank-liquor  is  run  in.  The  MnOj  by 
itself  would  serve  an  infinite  number  of  times ;  but  since  ferric 
oxide,  silica,  alumina,  &c.  are  precipitated  from  the  tank-liquor  as 
well,  the  precipitate  gradually  becomes  so  bulky  that  it  must  be 
removed  from  time  to  time  and  fresh  manganese  added.  The 
newest  patent  iu  this  branch,  Pamell's,  No.  4188,  Oct.  21,  1878, 
employs  metallic  zinc  or  a  solution  of  zinc  oxide  in  caustic  soda 
foi  desulphurizing  the  liquors.  Similar  plans,  frequently  tried 
before,  have  always  failed  to  give  satisfactory  results. 

Calcining  the  Black  Salt  (Finishing  the  Soda  Ash)  . 

We  have  pursued  the  tank-liquor  till  it  has  attained  its  fullest 

concentration  in  the  pans  and  the  ^'  black  salt''  has  been  separated    ' 

from  it.     In  a  few  cases  we  have  already  described  its  conversion 

into  finished  ash,  where  evaporation  and  calcining  go  on  in  the 

same  furnace  and  cannot  be  separated  in  the  description.     Formerly 

this  was  the  general  process;  but  in  the  modern  style  of  alkali - 

making  the  two  operations  are  kept  apart  in  most  cases.    We  shall 

now  describe  the  second  of  them,  viz.  the  calcination  of  the  black 
salt. 

This  operation  presents  very  diflerent  degrees  of  diflSculty,  ac- 
cording to  the  quality  of  the  black  salt.     It  takes  place  most  easily 
with  a  pure  salt  of  high  strength,  almost  or  entirely  free  from  caustic 
and  sulphide.     Such  a  salt  is  that  fished  from  pans  fired  from  un- 
derneath, whether  flat-bottomed  or  boat  pans,  during  the  first  period 
of  evaporation,  or  that  obtained  from  carbonated  liquors.     Here 
only  the  mechanically  adhering  water  and  the  one  molecule  of  it 
chemically  combined  with  Na^^COs  has  to  be  removed  by  the  heat 
of  a  reverberatory  furnace;  and  ultimately  the  mass  has  to  be 
brought  to  a  red  heat  in   order  to  destroy  any  organic  substances 
present  and  to  oxidize  the  remaining  sodium  sulphide.     The  mass 
of  course  must  be  turned  over  now  and  then,  and  the  lumps  crushed ; 
but  with  a  properly  constructed  furnace,  as    no  sensible  quantities 
of  caustic  &c.  are  present^  no  fluxing  need  be  apprehended,  even  at 
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a  bright  red  heat ;  and  therefore  pretty  large  furnaces  and  quanti- 
ties of  salt  may  be  employed. 

These  furnaces  are  always  of  the  reverberatory  kind ;  the  grate 
is  always  much  smaller  in  comparison  with  the  bed  than  that  of  a 
black-ash  furnace.  The  best  kind  is  that  fired  by  gaseous  fuel, 
which  will  be  described  fiirther  on.  The  fire-bridge  is  always  very 
high^  and  leaves  but  a  narrow  slit  between  itself  and  the  arch  ;  so 
that  the  ashes  are  kept  back  as  much  as  possible^  and  the  flame  is 
compelled  to  travel  more  along  the  furnace-roof,  and  to  act  by 
radiant  heat. 

Formerly  the  furnace-bed  was  frequently  made  of  metal  plates 
(comp.  p.  497);  now  it  is  usually  made  of  fire-bricks  set  edge- 
wise. 

By  calcining  fished  salts,  soda  ash  of  from  52*5  to  57  per  cent. 
NagO,  according  to  circumstances,  can  be  made.  In  England  the 
latter  strength  is  only  obtained  from  revolving  ball-furnaces,  on  the 
Continent  (with  slower  and  more  careful  work)  from  hand-furnaces 
as  well,  at  any  rate  by  steaming  the  salt  (p.  495) .  The  soda  ash  is 
either  ground  and  sold  as  such,  or  sometimes,  as  we  shall  see, 
refined. 

The  operation  with  caustic  salt  is  very  diflferent,  whether  it  con- 
tains much  sulphide  or  not.  Here  the  danger  of  fluxing  during  the 
calcining  is  very  great ;  and  this  must  be  carefully  avoids,  because 
it  would  render  the  product  nearly  useless.  Only  just  so  much  heat 
must  be  employed  as  will  dry  the  salt ;  real  calcination  cannot  take 
place.  In  Lancashire  the  caustic  fishings  from  red  liquors  are  cal- 
cined in  this  way : — First  a  small  quantity  of  ordinary,  not  caustic, 
salt  is  calcined ;  when  this  has  become  red  hot  and  ready  for  draw- 
ing out,  it  is  spread  on  the  furnace-bed  and,  according  to  the  de- 
sired strength  of  the  salt,  three  or  four  barrowfuls  of  fishings  are 
thrown  on  the  top  of  it,  quickly  spread  with  a  rake,  worked  through 
a  few  minutes  with  the  hot  finished  charge,  and  drawn  out.  The 
product  (which  goes  into  the  trade  as  ^'  caustic  ash'^)  has  not  a  bad 
colour,  but  contains  only  from  46  to  50  per  cent.  Na^O,  according 
to  the  quantity  of  the  salt ;  of  the  above,  from  5  to  8  per  cent, 
are  present  in  the  caustic  form  (comp.  also  pp.  496  and  509) . 

When  caustic  ash  is  not  made  from  the  very  impure  red-liquor 
fishings,  but  from  the  entire  tank-liquor,  it  cannot  be  dried  in  an 
ordinary  calcining-  or  finishing-furnace,  but  with  all  care  and 
at  a  very  low  heat.      By  leaving  out  the  sawdust  the  salt  remains 
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«l>le  S''°' j°'  ■°™'™M  contains  52  or  even  54  per  ceal.  avail- 

Caustic     H  '''''""  ""'^  "'''''=  "°°  '■'^'  "°l'»g- 
^"""11  ■    inV,  "  ^'^'"^'  *"  SriniJ,  and  hence  is  mostly  sold  un- 
P-  «8. '        """ce  I'  is  granulated  by  tbe  process  described  in 

Tynel^  S""^  ''  """''' '"'  **""  if, "»  ■•  generally  done  on  the 
"Wed  to  the"!'"  '°°"°  ^"S"'''  '■"■•I"  else.'here,  sawdust  has  been 
"■>''  caustic  ;  '''"°"°  boiling  down  in  order  to  convert  the  sulphide 
<3escribed  as  °  *^''''°"'^t<'-  Hence  the  calcining  process  is  directly 
!*"«>  is  renr  °""''^-  *  furnace  actually  serring  for  this  put- 
fresented  in  fig,.  225  to  228.      Pig.  225  is  a  horizontal 


»t'a^rn"';Sol"'fc"u/^°''"'e   Bectioualeleva.tioi..   fijf 
g  ""  '"'  CD  of   tfae  Iilaui  6g.  a3^     i»  a" 
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tion ;  (ig.  228,  a  eection  along  the  line  E  F  of  the  plaQ.  Tlie  grate, 
a,  in  this  case  does  not  absolutely  need  an  ash-cave  [conip.  p.  386), 
because  the  fire  is  not  so  strong ;  but  such  a  care  is  always  prefer- 
able on  account  of  better  cleaning  the  fire.  The  fire-bridge  b  re- 
quires no  bridge-plate  nor  air-course,  as  the  charge  does  not  get 
up  to  the  fusing.point.  It  is  very  high  and  crescent-shaped  at  the 
top,  but  somewhat  flatter  than  the  arch,  so  that  the  slit  c  is  only 
4  inches  high  at  the  sides,  6  inches  in  the  centre.  The  furnace  has 
two  beds,  d  and  e,  made  of  fire-bricks  on  edge ;  the  drawing  shows 
the  way  in  which  they  are  set.  They  are  put  in  without  mortar, 
just  as  was  described  in  the  case  of  the  black-aah  furnace,  p.  387. 
The  twck  bed,  e,  is  3  inches  higher  than  the  front  bed,  d.  The  arch 
is  less  sloped  than  in  the  black-ash  furnace ;  its  abutment  at  the 
back  end  is  still  2  feet  above  the  furnace-bed.  The  snore-hole  h, 
leading  to  the  flue  i  and  provided  with  a  damper,  isr  just  below  the 
arch.  This,  again,  acts  so  that  the  flame  is  not  drawn  down  so 
much  upon  the  charge  as  it  is  purposely  in  other  cases.  These  fur- 
naces are  usually  cased  in  metal  plates,  which  is  not  absolutely  ne< 
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cessary,  but  makes  tliem  last  much  longer  and  keeps  the  heat  well 
together  j  ouce  set,  they  last  almost  for  ever. 

Of  course  the  whole  must  be  bound  by  uprights  and  tie-roda.  A 
well-built  carbooating  furnace  requires  very  few  repairs, .  except 
lining  the  fireplaces  from  time  to  time. 

The  fireplace  shown  in  the  drawing  is  evidently  not  a  rational 
one;  it  should  be  adapted  to  the  fuel.  Carbonating- furnaces  are 
best  heated  with  gaseous  fuel,  because  then  coal-ashes  are  kept  out 
and  soot  can  be  avoided  as  well ;  the  flame  and  the  air  can  be  regu- 
lated to  a  nicety.  In  Germany,  and  here  and  there  in  France  and 
England,  this  plan  is  followed.  A  very  successful  gas-generator, 
actually  in  operation  at  the  Aussig  works,  is  represented  in  figs. 
229  to  232 ;  similar  fireplaces  may  be  attached  to  black-aab  fur- 
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naces,  decomposiDg-fumaces,  platinum  stills,  steam-boUera,  &c.  a 
are  the  gas-alits ;  &,  air  openings;  c,  regulation  of  the  air;  d,  open- 
ings for  cleaning  the  gas-alits ;  e,  opening  for  pulling  out  the  scars ; 
/,  mica  plates ;  g,  peep-holes ;  A,  fire-bridge  ;  t,  furnace-bed.  The 
plates  from  ^  to  ^  are  usually  plastered  up  with  clay,  and  might  be 
left  out  as  unnecessary. 

The  work  in  the  carbonating-fvrttace  may  be  divided  into  three 
stages — drying,  carbonating  proper  or  cleaning,  and  firing.  The 
drying  principally  takes  place  on  the  bcde  (fig.  22G),whilst  a  former 
batch  is  already  on  d;  but  it  must  be  continued  even  after  the  batch 
has  been  pulled  down  from  e  onto  d.  Usually  each  bed  holds 
enough  salt  to  yield  15  or  17  cwt.  of  soda  ash ;  and  it  takes  from 
5  to  5^  hours  to  finish  a  batch ;  so  that  a  furnace  turns  out  from 
3  tons  to  3  tons  8  cwt,  of  ash  per  24  hours ;  It  consumes  24  cwt.  of 
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coals  in  the  same  time.  Geaerally  one  carbonating-fumace  is 
reckoned  for  each  ball-fumace ;  but  with  forced  work  tiie  fonner 
can  do  more  than  that.  In  the  Lancashire  finishing-fumacea, 
where  no  aawdmt  isSised,  twice  the  above  amount  of  work  can  be 
done. 


CALCINING  THE  BLACK  SALT.  631 

In  "  drying/'  a  low  heat  must  be  employed,  in  no  case  up 
to  visible  red  heat ;  the  men  mostly  keep  the  door  of/  open  to  avoid 
overheating.  The  salt  must  be  several  times  mov^  from  the 
bridge  towards  the  cooler  portion  of  the  b^.  The  interior  of  the 
furnace  at  this  stage  is  quite  invisible  through  the  aqueous  vapour 
arising.  When  no  more  steam  is  given  oflF,  the  ''carbonating'^ 
begins.  This  is  the  most  difi&cult  part  of  the  work.  The  fire  must 
now  be  increased,  but  only  to  a  low  red-heat,  just  a  little  above  the 
melting-point  of  lead ;  by  assiduous  turning  over  of  the  mass  the 
charred  sawdust  must  be  prevented  from  burning  away  without 
having  acted  upon  all  portions  of  the  mass  by  the  carbonic  acid  it 
gives  out.  The  success  of  the  operation  thus  entirely  depends  upon 
the  skill  of  the  fumaceman ;  it  requires  as  much  experience  and 
care  as  balling,  but  less  bodily  exertion.  On  the  Tyne  this  opera- 
tion is  also  called  "  cleaning,^'  because  it  is  continued  till  the  charred 
particles  are  all  burnt,  the  caustic  and  sulphide  are  converted  into 
carbonate,  and  the  ash  has  assumed  a  clear  appearance.  This,  of 
course,  is  all  the  easier  the  better  the  black  salt,  especially  the  freer 
it  is  from  caustic  and  sulphide.  Strongly  caustic  salt  is  very  diffi- 
cult and  slow  to  carbonate,  and  gives  great  trouble  by  its  liability 
to  fluxing.  Once  the  mass  is  fused,  it  cannot  be  cleaned  any  more, 
because  the  air  has  no  access  to  its  interior. 

The  last  labour  is  that  of  ^'  firing.'^  The  fire  in  the  grate  is 
touched  up  now,  and  the  batch,  with  constant  turning  over  and 
raking  through  with  the  tooth-rake,  brought  up  to  a  bright  red 
heat;  this  is  done  to  completely  bum  the  carbon  and  oxidize  the 
sulphite  and  hyposulphite  to  sulphate.  A  somewhat  caustic  salt 
cannot  get  over  this  stage  without  softening ;  it ''  does  not  stand 
fire,''  and  hence  never  gives  such  fine  ash  as  salt  nearly  free  from 
caustic.  This  is  noticed  more  with  the  black  salt  from  the  front 
than  with  that  from  the  back  of  the  boiling-down  pan.  Unless  the 
salt  is  ultimately  exposed  to  a  strong  heat,  the  organic  substances 
are  not  entirely  destroyed,  and  on  dissolving  yield  a  coloured,  badly 
settling  liquor  :  this  is  worst  when  it  has  to  be  employed  for 
making  soda  crystals.  Only  at  this  stage  is  the  ferrocyanide 
destroyed;  and  the  carbon  separated  thereby  must  be  likewise 
burnt. 

The  tools  of  a  carbonator  on  the  Tyne  are : — one  paddle  with 
wrought-iron  head,  17x6  inches,  ^  inch  thick,  with  a  shank  of 
12  feet  length  and  1  i  inch  thick  ;  another  paddle,  with  a  head 
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2  feet  X  4  inches,  f  inch  thick,  bent  up  a  little  at  the  end,  shank  as 
before ;  a  tooth-rake  12  inches  broad,  with  5  teeth  of  4  inches  x 
1  inch,  shank  |  inch  thick;  a  drawing-rake  with  wrought-iron 
head,  12  x  7  inches,  shank  1  inch  thick  ;  a  drawing-shovel,  with  a 
head  18  inches  long  x  12  inches  broad,  and  an  iron  handle  8  feet 
long  and  f  inch  thick ;  moreover  the  ordinary  firing-tools  and  a 
poker  6  feet  long  and  IJ  inch  thick. 

The  atmospheric  oxygen  has  a  considerable  part  to  play  in  car- 
bonating.  In  fact  nearly  or  quite  all  the  sodium  sulphide  of  the 
tank-liquor  is  found  in  the  ash,  not  as  carbonate,  but  as  sulphate. 
The  assertion,  made  by  Muspratt,  that  in  this  operation  the  sulphur 
is  volatilized  in  some  shape,  is  certainly  correct  only  in  a  very  re- 
stricted sense,  if  at  all.  For  the  above  reason  much  more  sulphate 
is  found  in  soda  ash  than  in  black  ash  or  even  in  tank-liquor.  Even 
that  sulphate  which  is  locally  reduced  by  the  carbon  of  the  saw- 
dust, is  reoxidized  in  the  last  firing.  The  sawdust  and  its  charred 
remains  have  no  doubt  also  the  function  of  keeping  the  salt  porous 
and  accessible  to  the  fire-gases  and  preventing  fluxing,  which  occurs 
more  easily  before  the  caustic  is  removed. 

A  patent  of  Ward's  (1846)  proposes  mixing  the  salt,  before  cal- 
cining, with  4  to  7  per  cent,  of  magnesium  carbonate,  which  in  the 
furnace  would  give  up  its  COgto  the  NaOH  and  be  converted  into 
MgO ;  this  on  dissolving  would  remain  behind  and  make  the  liquor 
settle  better.  Sawdust  was  to  be  used  as  well.  This  process  has 
not  been  successful. 

The  temperature  and  the  appearance  of  the  batch  generally  sufiK- 
ciently  indicate  the  time  for  finishing  the  operation.  But  where 
the  organic  substances  must  be  absolutely  destroyed  and  a  minimum 
of  caustic  left,  which  is  especially  important  when  the  soda  ash  is 
to  be  employed  for  making  crystals,  it  is  best  to  make  a  direct  test- 
ing, which  the  foreman  can  do  in  this  way.  He  fills  a  tumbler  a 
quarter  full  of  soda  ash  (cooled  on  an  iron  shovel  or  the  like),  fills 
up  the  tumbler  with  tepid  water,  and  at  once  stirs  up  well  so  as  to 
prevent  the  mass  caking  together.  He  then  allows  the  tumbler  to 
stand  a  little  while:  if  the  liquor  becomes  perfectly  clear  and 
CDlourless,  the  ash  is  good ;  if  the  liquor  is  more  or  less  of  a  yellow 
colour,  so  will  also  be  the  soda  crystals  made  from  it. 

An  investigation  of  the  behaviour  of  black  salt  in  the  boiling- 
down  pan  with  top  heat  and  in  the  carbonating-f  umace  has  been 
made  by  Moorhouse  (Trans.  Newcastle  Chem.  Soc.  1871,  p.  17). 
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Unfortunately  the  portion  referring  to  the  fdmace-work  was  not 
made  with  ordinary  fair  salt^  but  with  very  bad  salt^  containing 
much  sulphide.  From  his  observations  on  the  changes  of  the  liquor 
in  the  pans  it  is  evident  that  the  caustic  in  these  was  already  par- 
tially carbonated^  the  liquor  showing  12*9  to  22'2  caustic  per  cent, 
of  carbonate^  the  salt  only  11 '6  to  17*6. per  cent. ;  the  average  de- 
crease of  causticity  in  the  pan  was  4*7  per  cent,  of  the  whole  avail- 
able soda.  [Moorhouse  has  not  taken  into  account  the  accumulation 
of  caustic  in  the  red  liquor^  which  must  be  charged  with  part  of  the 
above  decrease].  The  total  sulphur,  occurring  as  Na^S,  Na5S04, 
and  all  intermediate  stages  of  oxidation,  increases  but  very  slightly 
in  the  black  salt  as  against  the  tank-liquor,  about  0*04  to  0*12  per 
cent,  of  the  soda ;  in  the  further  treatment  the  total  sulphur  still 
increases  a  little,  as  the  excess  of  sulphur  in  finished  ash  upon  that 
in  the  tank-liquor  is  a  little  higher  again.  Perhaps  this  is  only 
owing  to  the  diflSculty  of  taking  samples  ;  in  any  case  it  is  a  very 
small  matter,  viz.  an  increase  of  0*10  to  0*21  per  cent,  sulphur  from 
the  liquor  to  the  finished  ash  (excluding  two  cases,  one  much  above 
and  one  much  below  the  average,  as  not  reliable) .  This  difference 
represents  the  total  contamination  of  the  liquor  in  open  pans  by 
sulphate  mechanicaUy  carried  into  it  and  by  the  sulphurous  acid 
of  the  fire-gas ;  it  is  much  less  than  is  usually  assumed. 

More  special  observations  were  made  with  a  black  salt  contain- 
ing an  abnormal  quantity  of  caustic  and  sulphide,  which  yielded 
very  bad  ash,  but  still  permitted  the  carbonating  process  to  be  fol- 
lowed in  the  furnace  (see  Table,  p.  534) .  The  furnace  had  been 
charged  at  5.30  with  a  salt  of  the  composition  a;  at  7,  8,  and 
9  o'clock  the  samples  marked  b,  c,  d  were  taken ;  and  at  10.15 
the  ash  marked  e  was  drawn  out,  as  it  could  not  be  carbonated 
any  more.     The  analyses  all  refer  to  dry  salt. 

From  this  it  follows  that  both  the  unoxidized  sulphur  and  the 
caustic  regularly  decrease,  but  the  former  much  more  quickly  than 
the  latter ;  Na^S  soon  diminishes  to  a  trace,  also  the  hyposulphite ; 
the  unoxidized  sulphur  is  ultimately  only  present  as  sulphite,  and 
only  amounts  to  2  per  cent,  of  the  total  sulphur,  98  per  cent,  now 
beiug  present  as  sulphate ;  in  the  beginning  the  proportion  was 
31 :  69.  But,  as  we  see,  the  caustic  is  much  more  difficult  to  treat, 
and  up  to  the  last  cannot  be  got  rid  of  entirely.  It  cannot 
be  decided  whether  and  to  what  extent  the  carbonating  of  the 
caustic  in  the  furnace  is  due  to  the  carbon  of  the  sawdust  or  the  car- 
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bonic  acid  of  the  fire-gases;  but  the  I'll  per  ceat.  carbon  ini- 
tially present  would  suffice  for  the  explanation  of  the  action 
observed. 


Oorbon  (sawdust). 
Insoluble  


NaOH 


NaaSOg 

NajSaOg 


Na^S 


Percentage  of  unoxidized  sul-  \ 
phur  on  total  sulphur j 


Percentage  of  Na^O  present 
as  NaOH,  of  the  total 
Nap 


a. 

Black 

salt. 


Ill 
0-96 
7830 
7-69 
7-71 
0-82 
105 
0-33 


31 


11-4 


b. 

e. 

d. 

e. 

l\  hour. 

2i  hours. 

3i  hours. 

Soda  ash. 

0-32 

0-38 

010 

•  •  • 

0-93 

1-00 

0-97 

0-97 

79-04 

80O5 

81-07 

81-86 

6-30 

5-42 

4-40 

397 

912 

10-27 

10-86 

1106 

1-77 

0-83 

0-38 

0-21 

trace 

•  •  ■ 

•  •  • 

•  •  • 

trace 

trace 

trace 

trace 

17 

.    8-3 

3-6 

2-0 

95 

8-2 

6-9 

6-0 

It  has  been  noticed  that  soda  ash^  even  when  drawn  quite  white 
out  of  the  furnace^  frequently  turns  yellow  in  the  air  after  some 
time.  It  is  certain  that  this  is  owing  to  the  ferrous  salt  in  the 
white  ash  being  converted  into  ferric  oxide.  Frequently  the  total 
quantity  of  iron  in  an  ash  that  turns  yellow  is  not  larger^  but  is  even 
smaller^  than  in  an  ash  that  remains  white ;  this  alone  seems  to 
show  that  in  the  latter  the  ferrous  oxide  is  protected  from  oxida- 
tion. Indeed^  by  titrating  with  permanganate  the  acidulated 
solution  of  a  salt  turning  yellow  (a),  and  of  one  not  turning 
yellow  (b)j  there  were  found  : — 


per  cent.  Fe. 

a 0-020 

o 0018 


per  cent  oxygen 
absorbed. 

00211 
00631 


The  action  of  the  permanganate  is  owing  to  the  presence  of 
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Bodiam  sulphite;  and  it  is  just  this  which  prevents  the  oxidation 
of  the  iron  and  consequently  the  turning  yellow  of  the  ash. 

If,  therefore,  the  iron  has  not  been  previously  removed,  the  turn- 
ing yellow  can  still  be  avoided  by  purposely  leaving  a  little  sodium 
sulphide  in  the  liquor,  which  forms  sulphite.  This  holds  good 
especially  of  caustic  ash;  for  in  carbonated  ash  the  iron  can  be 
removed  beforehand  by  well  carbonating  and  completely  settling. 
The  iron  arising  from  ferrocyanide  has  nothing  to  do  with  the  ques- 
tion here. 

After  what  we  havp  said  about  the  difficulty  of  carbonating  with 
sawdust,  it  need  excite  no  surprise  that  here  also  endeavours  have 
oeen  made  to  replace  manual  by  mechanical  labour.      The  condi- 
tions to  be  fulfilled  are  simple  enough — drying  at  a  moderate  heat, 
then  pulverizing  and  exposing  to  greater  heat  with  frequent  turn- 
ing, so  as  to  give  the  furnace-gases  an  opportunity  of  acting.    But 
it  was  a  long  time  before  this  goal  was  reached.   In  1863,  upon  the 
suggestion  of  Messrs.  Stevenson  and  Williamson,   Napier  con- 
structed a  very  ingenious  apparatus,  which,  however,  turned  out  an 
engineer's  job,  not  a  chemical  furnace,  and,  after  costly  trials,  had 
to  be  abandoned  again.      It  was  a  peculiar  reverberatory  furnace, 
with  a  bed  consisting  of  a  staircase  sloping  at  an  angle  of  40  degrees, 
whose  steps  were  constantly  shaken  singly  by  machinery.     At  the 
top  it  ended  in  a  large  hopper  with  a  pair  of  feeding-rolls.     In  the 
hopper  and  on  the  steps  the  salt  was  dried,  and  on  its  way  down- 
wards was  completely  carbonated ;  at  the  bottom  it  was  sifted  and 
the  coarser  portions  crushed  by  a  roll.     The  whole  was  lifted  by  an 
elevator  and  passed  through  a  second,  similar  furnace,  in  which  the 
heat  was  much  stronger,  and  where  the  proper  calcining  took 
place.     Whilst  the  first  part  (drying  the  salt  and  impregnating  it 
with  caustic  acid)  was  successfully  performed,  the  second  fur- 
nace was  constantly  stopped  up  by  fluxings  and  turned  out  un- 
manageable. 

The  object  has  recently  been  completely  attained  by  employing 
furnaces  with  a  circular  revolving  hearth,  which  have  been  used  for 
metallurgical  purposes  for  a  long  time  past  (comp.  for  instance  Gibb 
and  Grelstharpe's  copper-calcining  furnace.  Vol.  I.  p.  598).    This 
seems  to  have  been  done  first  by  Churchill;  then  followed  a  construc- 
tionby  Schofidd  (patented  inl875,No.511),whicli  contains  nearlyaH 

the  features  of  the  furnaces  actually  in  use.    These  have  been  con- 
structed by  Mactear  (patent  of  May  17th,  1876),  whose  only  inno- 
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vation  upon  Schofield^s  furnace  was  that  of  discharging  the  furnace 
in  the  centre  instead  of  at  the  periphery.  But  over  and  above  this 
he  has  the  considerable  merit  of  having,  by  very  substantial  con- 
struction^ made  of  the  furnace  a  working  concern^  which  fulfils  all 
demands  and  which  is  more  and  more  generally  introduced  into  the 
large  factories.  Mactear's  furnace  is  shown  in  figs.  233  and  234, 
in  plan  and  sectional  elevation. 

The  circular  furnace-bottom^  1,  20  feet  in  diameter,  consists  of 
boiler-plate  lined  with  fire-brick,  and  is  fixed  on  frame-pieces,  2, 
which  are  fitted  with  wheels,  3,  arranged  to  run  on  a  circular 
flanged  tram-plate,  4,  fixed  beneath  the  furnace.  The  furnace- 
bottom,  1,  is  made  with  a  raised  rim,  5,  and  is  covered  by  a  roof 
or  arch,  6,  of  fire-brick  carried  by  arc-shaped  girders,  7,  which 
are  supported  on  piUars,  8,  indicated  by  dotted  lines  in  fig.  233. 
The  arch,  on  20  feet  span,  has  only  18  inches  rise,  and  is  quite 
stable  although  it  looks  quite  flat  from  the  top.  For  these  arches 
as  well  as  for  the  whole  furnaces  the  excellent  bricks  of  the  Glen- 
boeg  Kre  Brick  Company  are  recommended.  Two  fireplaces,  9, 
communicate  by  a  passage,  1 0,  with  the  interior  of  the  furnace ; 
and  the  fire  passes  oflf  by  two  exit-flues,  11,  nearly  opposite  to 
the  inlet-passage,  10.  For  charging  the  furnace,  one  or  more 
openings  (not  shown  in  the  drawings)  which  are  closed  when  the 
furnace  is  in  operation,  are  provided  at  any  convenient  part  of 
the  roof,  6. 

The  discharging  takes  place  by  a  nearly  cylindrical  opening,  12, 
made  quite  through  the  bottom  1  and  its  lining  at  the  centre ;  and 
this  opening  is  fitted  with  an  iron  casing,  13,  of  3  feet  6  inches 
diameter,  which  projects  below  the  bottom.  A  somewhat  larger 
opening,  14,  is  formed  through  the  roof,  6,  and  is  fitted  with  an  iron 
lining  (4  feet  in  diameter).  The  discharge-opening  is  closed  by  an 
iron  cylinder,  15,  jacketed  with  fire-brick,  which,  when  in  the  clo- 
sing position,  as  shown  in  fig.  234,  rests  on  the  top  edge  of  the  iron 
lining,  whilst  its  upper  part  closes  the  opening  in  the  roof  6. 
The  closing- valve  15  is  made  with  two  sets  of  arms,  16, 17,  to  the 
upper  set  of  which  there  is  attached  an  eye-bolt  for  the  connexion 
of  a  chain,  18,  for  raising  the  valve,  whilst  to  the  lower  set,  17, 
there  is  attached  a  spindle,  19,  which  passes  through  a  guide,  20, 
fixed  by  arms  in  the  opening  12  below.  Air  is  allowed  to  pass  up 
through  the  discharge-opening  12  and  the  vahe  15,  so  as  to  pre- 
vent the  metal  parts  from  becoming  overheated.     The  discharge- 
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hole  12  is  opened  to  the  interior  of  the  furnace  by  raising  the  cy- 
lindrical valve  15  into  the  recess  14  in  the  roof  6 ;  and  the  contents 
of  the  furnace  may  then  be  dischai^d  into  a  waggon  placed  beneath 
the  fumaoe. 

During  the  work  the  circular  furnace-bottom  revolves  slowly,  and 
the  mass  in  it  is  constantly  turned  over  by  a  stirring-apparatus  (in 
the  same  way  as  already  indicated  by  Schofield) .  It  acts  between 
the  central  valve  15  and  the  outer  rim  5,  at  the  part  between  the 
two  exit-flues  11 ;  so  that  the  fire  does  not  touch  it;  and  it  com- 
prises a  set  of  forks,  21,  fixed  on  the  lower  ends  of  vertical  shafts, 
22,  which  are  held  in  a  frame,  23,  and  geared  together  by  spur- 
wheels,  24,  at  their  upper  ends,  so  as  to  rotate  in  alternate  direc- 
tions ;  the  forks  21  are  disposed  diametrically,  being  arranged  so 
as  not  to  interfere  with  each  other,  although  they  are  large  enough 
to  work  over  overlapping  areas.  The  stirring-apparatus  can  be 
raised  out  of  action  or  lowered  more  or  less  as  may  be  required, 
the  frame  23  being  fitted  to  slide  in  vertical  guides,  25,  on  a  fixed 
framing,  and  being  formed  with  vertical  racks,  26,  with  which  there 
gear  pinions  on  a  horizontal  shaft,  27,  arranged  to  be  turned  by 
means  of  a  crank-handle.  The  driving-power  is  applied  to  the 
outermost  of  the  vertical  stirrer-shafts  22,  which  is  elongated  to 
pass  up  through  a  bevel  wheel,  28,  to  which  it  is  geared  by  a  groove 
and  feather  permitting  its  vertical  movement  with  the  frame  23. 
The  bevel  wheel  28  gears  with  a  bevel  wheel  on  a  short  horizontal 
shaft,  29,  driven  as  described. 

The  finished  charges  of  materials  may  be-  pushed  towards  the 
central  discharge-opening  12  by  manual  labour ;  but  it  actually  is 
done  mechanically  by  means  of  a  series  of  pushers  or  scrapers,  30, 
attached  to  an  endless  chain,  31,  carried  and  moved  by  pulleys, 
82,  on  the  lower  ends  of  movable  shafts,  83,  34.  The  latter  are 
carried  by  a  frame,  35,  which  is  fitted  to  work  in  vertical  guides, 
86,  and  has  racks,  37,  on  it  in  gear  with  pinions,  38,  on  a  hori- 
zontal shaft,  39,  so  that  it  can  be  raised  or  lowered,  as  required, 
by  means  of  a  crank-handle.  The  discharging-apparatus  is  worked 
by  means  of  one  (33)  of  the  vertical  shafts,  which  is  elongated  to 
pass  up  through  a  bevel  wheel,  40,  connected  to  it  by  a  groove  and 
feather,  to  permit  the  vertical  movement  of  the  frame  35.  The 
bevel  wheel  40  is  in  gear  with  a  bevel  wheel,  41,  on  a  horizontal 
shaft,  42,  which  has  also  on  it  a  spur-wheel,  43,  gearing  with  a 
spur-wheel,  44,  on  the  horizontal  shaft  29  of  the  stirring-apparatus. 


540  SODA. 

The  shaft  29  has  on  it  clutches  in  connexion  with  the  wheels  41 
and  43^  so  that 'either  can  be  put  into  or  out  of  gear  as  required ; 
and  this  shaft  (42)  is  itself  driven^  by  means  of  the  bevel  wheek 
45,  by  a  vertical  shaft,  46,  geared  by  bevel  wheels,  47,  to  the  shaft 
48,  which  imparts  rotation  to  the  furnace-bottom  1,  and  is  driven, 
by  means  of  a  pulley  and  belt,  or  otherwise,  by  a  suitable  prime 
mover.  The  furnace-bottom  is  turned  by  a  pinion,  49,  on  the 
shaft  48,  and  gearing  with  a  circular  rack,  50,  fixed  to  the  framing 
of  the  furnace-bottom.  A  gutter,  51,  is  formed  round  the  outside 
of  the  rim  5  of  the  furnace-bottom,  to  contain  loose  sodap-asb  or 
sand,  into  which  the  vertical  flanges  of  the  girders  7  dip,  so  as  to 
form  a  close  connexion  between  the  rotating  furnace-bottom  1  and 
fixed  roof  6,  as  usual  in  furnaces  with  rotating  bottoms. 

A  considerable  number  of  such  furnaces  (30  in  1878)  already 
exist,  both  on  the  Tyne,  at  Glasgow,  in  Lancashire^  and  in  France ; 
and  more  of  them  are  constantly  being  built,  in  spite  of  a  very 
high  patent«royalty.  They  usually  turn  out  3^  tons  of  ash  in  six 
or  seven  hours.  The  filling  and  discharging  take  some  additional 
hours ;  so  that,  on  the  whole,  in  six  days  about  1 10  tons  can  be 
turned  out,  if  the  usual  2  per  cent,  of  caustic  is  left  in  the  ash^ 
but  only  90  tons  if  the  carbonating  is  to  be  driven  to  the  utmost. 
It  is  possible  to  get  down  to  0'25  per  cent,  caustic  even  with  saw- 
dust, without  carbonating  by  gas,  if  special  care  be  taken ;  hence 
ultimately  a  much  higher  heat  can  be  applied  and  white  ash  made. 
This  product  is  exceUently  adapted  for  soda  crystals,  especially  as 
the  ferric  oxide  in  it  is  in  a  very  dense  state  and  readily  settles  on 
dissolving ;  it  is  also  denser  than  that  made  by  hand,  so  that  one 
tenth  of  the  number  of  casks  are  saved.  The  consumption  of  coals^ 
according  to  reliable  information,  is  no  less  than  with  hand  fur- 
naces, viz.  40  per  cent,  of  the  weight  of  ash,  without  reckoning  the 
steam.  The  principal  saving  is  in  labour,  the  latter  costing  Is,  to 
Is,  6d.  per  ton  against  Ss.  6d.  to  4s.  with  hand  furnaces.  A 
single  mechanical  carbonator  replaces  on  the  Tyne  six  hand 
furnaces — in  Lancashire  (where  no  saw-dust  is  used)  not  quite  so 
many. 

The  following  Table,  published  by  Mactear  (Joum.  Soc.  Arts, 
1878,  p.  561),  shows  the  progress  of  the  reaction  in  an  operation ; 
all  the  figures  signify  per  cent,  of  available  soda. 
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The  question  whether  there  is  not  slightly  more  mechanical 
loss  of  soda  in  Mactear^s  furnace  than  in  the  ordinary  carbonating 
furnaces^  owing  to  the  continuous  stirring  in  a  strong  draughty  is 
not  yet  finally  decided.  The  extremely  finely  divided  state  of  the 
soda  ash  in  Mactear's  furnace  would  seem  to  favour  this ;  but  in 
the  worst  case  it  can  only  be  a  very  slight  loss. 
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CHAPTER  IX. 

COMMERCIAL  SODA  ASH. 

Good  calcined  soda  ash^  such  as  is  obtained  according  to  our  de- 
scription^ should  be^  whether  hot  or  cold^  of  a  white  colour^  not 
yellow  or  reddish;  but  it  cannot  be  expected  to  be  as  white  as 
'^  refined  alkali/'  Frequently  a  yellowish  ash  is  better  carbonated 
than  a  purely  white  one ;  this  will  be  the  case  if  iron  salts  are  pre- 
sent in  large  quantity^  which  by  stronger  calcining  form  ferric  oxide 
and  then  stain  the  ash.  Often  the  colour  is  bluish^  either  from 
ultramarine  or  from  sodium  manganate.  When  it  is  grey^  this  is 
a  sign  of  bad  carbonating  and  calcining ;  it  then  contains  much 
caustic  and  sulphide.  Good  ash  after  grinding  should  show  but  few 
black  or  red  specks. 

Its  caustic,  except  in  the  case  of  "  caustic  ash^'^  should  never 
exceed  2  per  cent,  when  it  is  intended  for  making  soda  crystals ; 
the  maximum  of  NaOH  is  sometimes  fixed  at  I  per  cent.^  which  is 
not  easy  to  manage  if  all  the  liquors  are  worked  into  the  ash  and  the 
carbonating  has  been  effected  by  sawdust^  not  by  gas.  Mactear's 
mechanical  carbonator  alone  makes  it  easy.  Sulphide  ought  not  to 
be  traceable  by  lead  paper  even  in  a  moderately  carbonated  ash ;  a 
solution  of  1  gram^  to  which  a  solution  of  starch  has  been  added, 
should  be  turned  blue  by  the  first  drop  of  iodine  solution.  An  alka- 
line solution  of  lead  (sodium  plumbate)  acts  better  than  lead  paper. 
Still  a  soda  ash,  made  as  described,  is  never  exempt  from  small 
traces  of  lower  degrees  of  oxidation  ;  these,  however,  can  only  be 
found  if  large  quantities,  say  50  grams,  are  analyzed.  An  ordinary 
soda  ash  must  be  taken  as  up  to  the  commercial  standard,  if  it  con- 
tains not  more  than  0*1  per  cent,  of  oxidizable  sulphur  compounds; 
mostly  even  two  or  three  times  as  much  do  no  harm.     The  most 
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delicate  analytical  method  for  minute  quantities  of  sodium  sulphide 
is  that  of  Lestelle  (p.  447) .  Hyposulphite  cannot  occur  in  calcined 
ash^  as  it  is  already  destroyed  at  a  commencing  red  heat.  Sulphite 
occurs  almost  regularly^  but  in  small  quantity^  in  ordinary  com- 
mercial soda  ash ;  it  can  be  detected  by  iodine  solution  and  other 
well-known  reagents. 

Of  insoluble  substances  good  soda  ash  should  not  contain  more 
than  1  or  1^  per  cent. ;  1^  per  cent,  must  be  considered  the  maxi- 
mum. It  consists  principally  of  calcium  carbonate  with  a  little 
alumina  and  silica  and  minimal  quantities  of  iron^  but  more  of  this 
in  very  yellow  descriptions  of  ash.  The  moisture  in  fresh  ash  should 
not  exceed  ^  to  ^  per  cent.^  and  even  after  some  time  not  much 
above  1  per  cent.  With  2  per  cent,  moisture  the  ash  is  often 
already  lumpy  and  discoloured. 

Two  salts  regularly  found  in  soda  ash^  viz.  sodium  chloride  and 
sulphate^  are  hardly  ever  injurious ;  but  neither  are  they  useful^ 
at  any  rate  in  the  quantities  contained  in  ordinary  soda  ash. 
They  are  accordingly  not  estimated  in  daily  practice,  but  only 
for  special  purposes.  Still  the  manufacturers  ought  at  least  once 
a  week  to  make  a  detailed  analysis  of  an  average  sample  of  the  ash 
produced,  in  order  to  follow  up  the  process :  this  ought  to  comprise 
total  alkalinity,  caustic,  oxidizable  sulphur,  chloride,  sulphate, 
insoluble  substances,  and  moisture.  A  number  of  complete  ana- 
lyses of  soda  ash  will  be  given  in  a  table  later  on.  For  daily  con- 
trol it  suffices  to  test  the  work  of  every  carbonator  for  total  available 
soda  and  caustic,  and,  in  the  case  of  very  caustic  ash,  also  for  its 
behaviour  towards  iodine  solution. 

It  need  not  be  mentioned  that,  in  sampling,  great  care  must  be 
taken  to  obtain  a  really  average  sample;  this  is  not  very  easy  to  do 
with  unground  ash,  which,  indeed,  for  this  reason  can  hardly  be 
guaranteed  down  to  one  quarter  per  cent.,  because  the  lumps  and 
the  powder  differ  in  strength.  Only  by  taking  very  large  samples 
can  the  proportion  between  lumps  and  powder  be  approximately 
hit.  For  sampling  ground  ash  in  casks  a  peculiar  iron  or  steel  tool 
is  employed  (fig.  235),  which  must  be  kept  free  from  rust  and 
quite  bright.  It  is  introduced  into  the  cask  through  a  l^inch 
hole  bored  in  one  of  its  ends,  as  far  as  possible,  with  a  screwing 
motion,  so  that  its  hollow  space  becomes  filled  with  the  different 
layers  of  ash  in  the  cask,  and  then  quickly  pulled  out. 

It  is  always  advisable  to  dissolve  a  much  larger  quantity  of  soda 
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ash  than  is  required  for  one  test :  thus  with  a  quick  and  rough 
weighing  as  much  accuracy  is  attained  as  hj  weighing  a  small 
sample  on  a  fine  balance ;  the  larger  quantity  of  the  sample  will  also 
more  nearly  represent  the  average  quality ;  and  several  tests  can  be 

Fig.  236. 


made  very  quickly  in  this  way.    For  quick  work  the  following  plan 

can  be  recommended.     Twice  the  equivalent  of  Na^O  in  decigrams^ 

i.  e.  6*2  grams^  is  dissolved  in  a  200  or  250  fiask^  filled  up  to  the 

mark  ;  after  settlings  one  tenth  of  the  liquor  is  taken  out  with  a 

pipette  (filtering  is  unnecessary  in  this  case^  as  the  pipette  can  be 

used  without  at  all  disturbing  the  insoluble  residue)  and  titrated 

with  standard  acid.     Since  the  quantity  titrated^  viz.  0*62  gram^  if 

it  were  pure  Na^O,  would  require  20  cub.  centims.  of  a  normal 

20 
acid  (saturating  0'031  of  Na^O  per  cub.  centim.) ,  each  y^ = 0*2  cub. 

centim.  of  acid  indicates  1  per  cent.  Na^O.  If  more  accu- 
rate work  is  required,  twice  the  quantity  is  taken  for  testing, 
so  that  each  1  per  cent,  corresponds  to  0*4  cub.  centim.  of  normal 
acid,  &c. 

The  caustic  is  estimated  in  another  portion  of  the  same  solution, 
by  precipitating  it  with  barium  chloride,  diluting  to  a  certain 
volume,  filtering  off  one  half,  and  titrating  the  filtrate.  Siegwart 
(Wagner's  Jahresb.  1874,  p.  305)  for  this  purpose  weighs  off 
5  grams,  dissolves  it  in  100  cub.  centims.  of  tepid  water,  and  hangs 
upon  the  side  of  a  beaker  a  strip  of  well-made  turmeric  paper,  which 
is  coloured  crimson  by  sodium  carbonate,  but  vermilion  by  caustic 
soda.  If  now  dilute  sulphuric  acid  be  added  drop  by  drop,  it  will 
first  saturate  the  caustic ;  and  at  the  moment  when  this  is  done  the 
paper  turns  crimson.  It  is  also  prescribed  to  estimate  the  caustic 
by  first  titrating  the  ash  in  the  usual  way,  and  then  estimating  the 
loss  of  weight  in  a  Fresenius-Will  carbonic-acid  apparatus ;  the  dif- 
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ference  is  taken  as  NaOH.  This  plan  is  both  more  tedious  than 
that  ^th  barium  chloride  and  less  reliable^  since  the  sulphite  is 
calculated  as  NaOH.  In  either  case  this  will  be  done  with  Na^S ; 
but  its  quantity  in  ordinary  soda  ash  is  too  minute  to  seuAibly  in- 
fluence the  estimation  of  caustic. 

At  some  works  they  do  not  titrate  a  filtered  or  settled  solution^ 
but  the  muddy  one  obtained  at  first.  Since  the  insoluble  is  mostly 
calcium  carbonate^  the  alkalimetrical  test  will  thus  come  out  too 
high  j  hence  this  plan  is  objectionable.  But  it  is  not  a  sensible 
loss  to  the  buyer  that,  universally,  not  merely  the  sodiimi  carbo- 
nate but  all  other  soluble  salts  affecting  the  test  acid,  viz.  sodium 
hydrate,  aluminate,  and  silicate,  are  estimated  by  the  usual  degrees ; 
all  these  in  nearly  all  cases  are  quite  analogous  to  sodium  carbonate 
in  their  action,  except  in  the  manufacture  of  crystal  soda.  The 
sulphite  cannot,  and  still  less  can  the  sulphide,  sensibly  affect  the 
alkalimetrical  test.  This  itself  has  been  fully  described  in  a  previous 
chapter  (Vol.  I.  p.  44  aeqq,) ,  to  which  we  must  refer  the  reader.  The 
process  just  mentioned,  of  Presenius  and  Will,  is  probably  very 
little  employed  in  alkali- works  for  testing  soda  ash,  which  for  that 
purpose  must  first  be  treated  with  ammonium  carbonate  to  carbo- 
nate the  caustic.  It  is  more  adapted  for  occasional  testing  by 
those  not  possessing  standard  acid  or  volumetrical  apparatus. 

The  commercially  used  degrees  of  soda  ash  are  difierent  with  each 
of  the  three  principal  industrial  nations.  In  England  they  mean 
the  percentage  of  ^^real^'  or  ^^available^'  soda  (Na,0) ;  in  Germany, 
the  percentage  of  sodium  carbonate;  in  Prance,  the  degrees  of 
Descroizilles's  arbitrarily  fixed  test.  The  German  degrees  for 
ordinary  soda  ash  would  appear  to  be  the  most  rational,  since  that 
ash  essentially  consists  of  sodium  carbonate ;  but  it  is  chargeable 
with  the  inconsistency  of  quoting  as  carbonate  all  other  sodium 
salts  which  act  upon  the  test  acid.  This  does  not  matter  very 
much  for  soda  ash ;  but  it  looks  absurd  when  applied  (as  usual  in 
Germany)  to  caustic  soda  as  well,  where  the  strength  is  stated  in 
a  percentage  of  a  substance  occurring  only  as  an  impurity,  and 
where  upwards  of  120  per  cent,  regularly  comes  out.  More  rational 
is  the  English  way  of  quoting  the  percentage  of  ^'  available  '^  soda 
(NagO) — that  is  to  say,  all  soda  salts  acting  on  the  test  acid  which 
e.  g.  in  soapmaking,  act  just  like  carbonate.  These  degrees  in 
France  are  called  ^*  Gay-Lussac's  degrees,'^  but  are  never  employed 
in  practice.     Pure  sodium  carbonate  would  show  58*49  English 
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degrees ;  but  since^  according  to  the  old  notation,  the  soda  (NajO) 
is  also  understood  as  being  contained  in  the  hydrate,  the  same 
degrees  are  quite  correctly  employed  for  caustic  as  well.  If  in 
England  a  soda  ash  is  caUed  '^  52  per  cent./'  this  only  means  that 
the  test  acid  neutralized  by  it  corresponds  to  -j^  of  the  Na^O 
employed;  but  the  latter  may  be  represented  by  carbonate,  silicate, 
aluminate,  hydrate,  nay,  even  by  sulphide.  It  is  often  distinctly 
added  that,  say,  2  per  cent,  of  the  whole  is  present  as  caustic 
(NaOH).  On  the  other  hand  the  name  ^^  70-per-cent.  caustic 
soda''  means  that  it  corresponds  to-i^NagO,  equal  to  90*3  per 
cent.  NaOH — supposing  that  no  sodium  carbonate  is  present, 
which,  however,  always  does  occur. 

Unfortunately  this  very  rational  English  system  of  signifying  the 
strength  of  alkali  has  been  damaged  by  an  error  which,  so  far,  has 
been  only  to  a  small  extent  eliminated.  Most  factories  assume  the 
equivalent  of  soda  to  be  not  =31,  as  it  really  is,  but  =32,  and 
standardize  their  acid  accordingly.  Whether  originally  this  error 
was  accidental  or  wilful,  cannot  now  be  made  out.  It  causes  the 
ordinary  commercial  degrees  to  mean  a  less  percentage  of  real 
Na^O,  or,  in  other  words,  to  make  the  ash  appear  stronger  than  it 
is.  In  this  there  is  a  difference  between  the  Tyne  test  and  the 
Liverpool  test.  On  the  Tyne  the  equivalent  of  sodium  carbonate 
is  taken  as  54  instead  of  53,  and  the  test  acid  made  so  that  a  litre 
of  it  saturates  54  grams  pure  NagCOa.  Chemically  pure  Na^COs 
consequently  with  this  acid  will  show  |.|  =59*26  per  cent.,  instead 
of  58'49per  cent,  of  '^  real "  soda  (that  is,  0*77  per  cent,  too  much) ; 
each  Tyne  degree  therefore  indicates  1'316  per  cent,  of  its  amount 
more  than  the  real  soda ;  e,  g.  50  real  Na^O  shows  50  +  50  x  0*0136 
=50*66  Tyne  degrees.  The  same  degrees  are  also  adopted  by  all 
other  respectable  analytical  chemists  in  Great  Britain,  with  the 
sole  exception  of  Liverpool,  where  a  way  of  stating  the  results  of 
testing  ash  has  obtained,  not  at  all  explicable  by  a  mere  error,  but 
only  by  the  desire  of  deceiving  the  buyer.  They  reason  thus : — 
'^Because  the  'old'  equivalent  of  pure  sodium  carbonate  is  5^ 
larger  than  the '  new,'  we  need  only  increase  our  percentages,  found 
by  the  real  equivalent,  by  3^,  in  order  to  obtain  commercial  degrees ; 
c.  g.  we  call  real  53-per-cent.  Na^O,  54-per-cent."  There  is  a  fal- 
lacy at  the  bottom  of  this  j  for  the  NagO  in  the  Na^COs  must 
equally  increase  its  equivalent :  according  to  Tyne  degrees,  which 
take  account  of  this,  53Na30  are  only  53*70  degrees.    Nay,  some 
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Lancashire  "  chemists  ^'  go  beyond  this,  and  reason^  *^  Since  the 
^  old '  equivalent  of  soda  is  ^  larger  than  the  '  new/  we  add  to 
each  real  per  cent.  NajO  another  ^  to  get  at  commercial  degrees." 
In  this  case,  e.  ff.,  50  per  cent.  Na^O  will  become  50  +  50  x  ^=51-6 
degrees  I  Even  this  does  not  satisfy  some ;  one  Liverpool  firm  of 
analytical  chemists  especially,  very  popular  of  course  with  the 
alkali-manufacturers  of  that  district,  sometimes  states  the  strength 
of  soda  ash  2  or  3  per  cent,  above  the  real  strength,  and  carries  this  on 
unblushingly,  although  this  scandal  has  been  publicly  exposed 
several  times,  and  that  very  energetically  (comp,  Chem.  News, 
xxxii.  pp.  267,  280,  302;  xxxiii.  pp.  8,  17,  31,  40).  It  has  been 
shown  that  a  good  profit  can  be  made  by  buying  according  to 
Newcastle  test  and  selUng,  nominally  at  the  same  price,  according 
to  Liverpool  test.  Some  of  the  largest  English  firms  (Tennant's, 
Jarrow,  Allhusen,  and  others)  now  sell  by  real  percentage  of  Na^O ; 
but  even  the  large  Liverpool  firms  refuse  to  do  this. 

Decidedly  the  most  irrational  of  all  degrees  are  those  of  Descroi- 
zilles,  universally  employed  in  Prance.  They  show  how  many  parts 
by  weight  of  sulphuric  hydrate,  SO4HS,  are  saturated  by  100  parts 
of  the  substance  employed — that  is,  a  totally  arbitrary  unit.  Since 
the  equivalents  of  Na^COy  and  SO4H3  are  in  the  ratio  of  53  :  49, 
100  pure  sodium  carbonate  require  92*45  SO4H3,  or  show  as  many 
degrees  Descroizilles.  The  only  thing  which  can  be  said  for  this 
way  of  stating  the  strength  is  that,  without  any  inconsistency,  it 
can  be  employed  for  caustic  soda,*  this  advantage,  however,  is 
shared  by  the  real  English  degrees,  which  are  called  Gay-Lussac 
degrees  by  the  (Vench.  Descroizilles  degrees  are  also  applicable  to 
potash,  and  at  a  glance  represent  the  alkalimetrical  equivalents  of 
soda  and  potash ;  but  this  is  a  point  not  frequently  important  in 
practice. 

In  order  to  save  the  troublesome  reduction  of  one  kind  of  degree 
to  another,  Pattinson  (Chem.  News,  xix.  p.  112)  has  calculated  a 
comparative  table  for  per  cents,  of  real  Na^O,  of  Na^COs  (German 
degrees),  of  Tyneside  or  Newcastle  degrees,  and  of  Descroizilles 
degrees.  It  only  begins  at  30  per  cent.  Na^O ;  but  as  lower 
degrees  {e.  g,  of  causticity)  have  often  to  be  compared  as  well,  we 
have  extended  the  table  down  to  1  per  cent.  NajO. 
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Table. 


Oay- 
Lussac's 
degrees. 

Na,0. 

German 

Newcastle 

Descroiz. 

Gay- 

Lus8ac*B 

degrees. 

Na,0. 

German 

Newcastle 

Descroiz. 

degrees. 
NaaCOj. 

degrees. 
Nap. 

degrees. 

degrees. 
NapOj, 

degrees. 
Na,p. 

degrees. 

0-5 

085 

0-51 

0-79 

26-5 

45-31 

26-85 

41-88 

1 

1-81 

1-01 

1-58 

27 

4617 

27-35 

42-67 

1-6 

2-56 

1-52 

2-37 

27-5 

47-02 

27-86 

4346 

2 

3-42 

203 

316 

28 

47-88 

28-36 

44-25 

2-5 

4-27 

2-54 

3-95 

28-6 

48-73 

28-37 

45-04 

3 

613 

304 

4-74 

29 

4959 

29-38 

45-83 

36 

6-98 

355 

663 

29-6 

60-44 

29-89 

46  62 

4 

6-84 

405 

6-32 

30 

61-29 

30-39 

47-42 

4-5 

7-69 

4-56 

7-11 

30-6 

5-2-14 

30-90 

48-21 

5 

8-55 

606 

790 

31 

63-00 

31-41 

49-00 

6-6 

9-40 

5-57 

869 

31-6 

63-85 

31-91 

49-79 

6 

10-26 

608 

9-48 

32 

64-71 

32-42 

60-88 

6-5 

nil 

6-59 

1027 

32-6 

65-.')6 

32-92 

61-37 

7 

11-97 

709 

11-06 

33 

66  42 

33-43 

5216 

7-6 

1282 

760 

1185 

33-6 

57-27 

3394 

62-95 

8 

13-68 

8-10 

12-64 

34 

68-13 

34-44 

63-74 

8-5 

14-53 

8-61 

13-43 

34-6 

58-98 

34-95 

64-53 

9 

15-39 

912 

14-22 

36 

59-84 

35-46 

55-32 

9-6 

16-24 

9-63 

15-01 

35-6 

60-69 

35-96 

56-11 

10 

17-10 

10-13 

15-81 

36 

61-55 

36-47 

66-90 

10-6 

17-95 

10-64 

16-60 

36-5 

62-40 

36-98 

57-69 

11 

18-81 

11-14 

17-39 

37 

63-26 

37-48 

58-48 

11-6 

19-66 

11-05 

18-18 

37-5 

64-11 

37-98 

69-27 

12 

2052 

12-17 

18-97 

38 

64  97 

38-50 

60-06 

12-5 

21-37 

12-68 

19-76 

38-5- 

65-82 

39-00 

60-85 

13 

22-23 

13-17 

20-55 

39 

66-68 

39-61 

61-64 

13-6 

2308 

1368 

21-34 

39-6 

67-53 

40-02 

62-43 

14 

23  94 

14-18 

2213 

40 

68  39 

40-52 

63-22 

14-5 

24-79 

14-69 

22-92 

40-5 

69-24 

41-03 

64  01 

15 

25-65 

1519 

2371 

41 

70-10 

41-64 

(>4-8l 

16-6 

26-50 

15-70 

24-50 

41-5 

70-96 

42-04 

66-60 

16 

27-36 

16-21 

25-29 

42 

71-81 

42-55 

66  39 

lG-5 

28-21 

16-73 

2608 

42-5 

72-66 

43-06 

67-18 

17 

2907 

17-22    . 

26-87 

43 

73-52 

43-67 

67-97 

17-5 

29-92 

17-73 

27-66 

43-5 

74-37 

44-07 

68-76 

18 

30-78 

18-23 

28-45 

44 

75-23 

44-58 

69-55 

18-5 

31-63 

18-74 

29-24 

44-5 

76-08 

45-08 

70-34 

19 

32-49 

19-25 

30  03 

45 

76-94 

45-59 

71-13 

19-5 

33-34 

19-76 

30-82 

45-5 

77-80 

4610 

71-92 

20 

34-20 

20-26 

31-61 

46 

78-66 

46-60 

72-71 

20-5 

35-05 

20-77 

32-40 

46-5 

79-51 

4711 

73-60 

21 

3<5-91 

21-27 

33-19 

47 

80-37 

4762 

74-29 

21-6 

36-76 

21-78 

33-98 

47-5 

81-22 

48-12 

7508 

22 

87  62 

22-29 

34-77 

48 

82-07 

48-63 

75-87 

22-5 

38-47 

22-80 

35-56 

48-5 

8293 

49-14 

76-66 

23 

39  33 

23-30 

36-35 

49 

84-78 

49'64 

77-45 

235 

4018 

23-81 

3714 

49-6 

84-64 

50-16 

78-24 

24 

41-04 

24-31 

37-93 

50 

86-48 

60-66 

79-03 

24-5 

41-89 

24  82 

38-72 

50-5 

86-34 

61-16 

79-82 

25 

42-75 

26-32 

39-61 

51 

87-19 

51-67 

80-61 

26-5 

43-60 

25-83 

40-30 

rA'6 

88-06 

62-18 

81-40 

26 

44-46 

26-34 

4109 

52 

1 

88-90 

52-68 

82-19 
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Table  (continued) 


Gay- 
Lussac's 
degrees. 

Nap. 

Gerroan 
degrees. 
NaaCOg. 

Newcastle 

degrees. 

Na^O. 

Bescroiz. 
degrees,   i 
SO^Ha. 

Gay- 
Lussac's 
degrees. 

Nap. 

German 
degrees. 
NftaCO,. 

Newcastle 

d^rees. 

Nap. 

Descroiz. 
degrees. 

62-5 

89-76 

53-19 

82-98 

656 

111-99 

66-36 

103-53 

53 

9061 

5370 

83-77 

66 

112-85 

66-87 

104  32 

53-6 

91-47 

54-20 

84-56 

665 

113-70 

67-37 

larll 

54 

9232 

5471 

85-35 

67 

114-56 

.   67-88 

105-90 

54-5 

9318 

55-22 

8614 

67-5 

115-41 

68-39 

106^9 

55 

9403 

55-72 

86  93 

68 

116-27 

68-89 

107-48 

555 

94-89 

56-23 

87-72 

68-6 

11712 

69-40 

108-27 

56 

95-74 

56-74 

88-52 

69 

117-98 

69-91 

109<» 

56-5 

96-60 

57  24 

89-31 

69-5 

118-83 

70-41 

109-85 

57 

97-45 

57-76 

90-10 

70 

119-69 

70-92 

110-64 

57-5 

98-31 

58-26 

90-89 

70-5 

120-53 

71-43 

111-43 

58 

9916 

58-76 

91-68    , 

71 

121-39 

71-93 

112-28 

58-5 

100-02 

59-27 

92-47 

71-5 

122-^4 

72-44 

113<)2 

59        • 

100-87 

59-77 

93-26 

72 

123-10 

72-95 

113-81 

59-5 

101-73 

60-28 

94-05 

725 

123-95 

73-45 

114-60 

GO 

102  58 

60-79 

94-84 

73 

124-81 

7396 

115-39 

60-6 

103-44 

61-30 

95-63 

73-5 

125-66 

74-47 

11618 

61 

104-30 

61-80 

96  42 

74 

126-52 

74-97 

116-97 

61-6 

10515 

62-31 

97-21 

74-5 

127-37 

75-48 

117-76 

62 

106  01 

62-82 

9800 

75 

128-23 

75-99 

118-55 

625 

106-86 

63-32 

98-79 

75-5 

129-08 

76-49 

119-34 

63 

107-72 

63-83 

99-58 

76 

12V)-94 

77-00 

12013 

635 

108-57 

64-33 

100-37 

765 

130-79 

77-51 

120-92 

64 

109-43 

64-84 

10116 

77 

131-65 

78-01 

121-71 

64-5 

110-28 

65-35 

101  95 

77-6 

132  50 

78-52 

122-50 

65 

111-14 

65-85 

102-74 

Will  and  Fresenius  proposed  to  designate  alkali  according  to  its 
content  of  moisture.  The  value  of  the  alkali  was  to  be  indicated 
by  a  fraction  the  numerator  of  which  was  to  express  the  alkali- 
metrical  degree,  and  the  denominator  the  ^percentage  of  moisture. 
-^^*^  means  that  the  dry  alkali  corresponds  to  84  per  cent.  NagCOj, 
but  that  it  contains  so  much  water  that  100  parts  dry  soda  would 
be  contained  in  108  parts  of  it.  This  style  hiets  not  met  with 
general  acceptance ;  it  is  not  called  for,  since  alkali  with  more 
than  2  per  cent,  of  moisture  is  too  much  discoloured  and  lumpy 
to  be  a  saleable  product. 

The  Composition  of  Soda  Ash. 

Many  analyses  of  soda  ash  have  been  made ;  but  most  of  them 
have  bat  a  limited  interest,  since  the  composition  of  alkali  varies 
very  much  even  at  the  same  works.  We  shall  in  the  first  place 
quote  some  published  analyses. 
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The  progress  made  by  alkali  as  it  passed  through  the  diflEerent 
purifying  operations  is  clearly  shown  in  Brown's  table^  p.  552 
(Phil.  Mag.  [3]  xxxiv.  p.  15)  ;  but  it  must  be  said  that  nowadays 
they  would  not  reflect  much  credit  upon  the  factory  where  the 
alkali  was  made. 

Some  of  the  above  analyses  must  be  received  with  great 
caution.  For  instance^  0*63  and  0'55  sodium  sulphide  seem  incre- 
dibly high  quantities  to  be  found  in  sod^  ash.  In  a  sample  of  alkali^ 
cited  as  '^  refined  "  and  specially  intended  for  plateglass-making^ 
0'27  per  cent.  Fe208  is  said  to  have  occurred,  which  is  again  incre- 
dible. In  the  French  analyses  the  silicate  and  aluminate  are  evi- 
dently comprised  in  the  carbonate.  The  quantity  of  moisture  in 
some  of  the  samples  proves  that  they  were  very  old.  Altogether 
the  quoted  analyses  of  soda  ash  are  not  characteristic  of  the  present 
state  of  the  alkali-manufacture. 

Grinding  and  Packing  Soda  Ash. 

Most  of  the  soda  ash  sent  into  the  trade  is  first  ffround.  In  this 
state  it  looks  much  better  than  unground ;  it  is  more  easily  handled 
by  the  consumer;  and  the  cost  of  grinding  is  less  than  the  extra 
cost  of  casks  for  unground  ash,  which  occupies  50  per  cent,  more 
space.  Caustic  ash  only  is  usually  sold  unground  :  it  is  very  diffi- 
cult to  grind,  probably  owing  to  its  attraction  for  moisture ;  for 
even  ordinary  soda  ash  is  much  more  difficult  to  grind  when  it  has 
become  quite  cold  and  attracted  ever  so  little  moisture. 

For  grinding  soda  ash,  either  edge-runners  with  cast-iron  pan 
and  cast-iron  rollers,  or  horizontal  mills,  just  like  corn-mills,  are 
employed.  The  former  yield  a  very  fine  product,  but  require  more 
power  for  the  same  output  than  horizontal  mills,  and  involve  sift- 
ing the  ground-stuff,  which  is  unnecessary  with  the  latter.  Hence 
edge-runners  are  rarely  used  now,  except  for  crushing  the  large  and 
hard  lumps  which  very  much  injure  the  mill-stones. 

The  horizontal  mills  need  not  be  described  here,  as  they  are  quite 
similar  to  ordinary  flour-mills ;  but  it  should  be  mentioned  that 
"  French  burrs ''  are  not  suitable,  and  that  blue  lava  stones  are  pre- 
ferred {e.g.  those  from  Andemach  on  the  Rhine),  which  are  not  so 
hard  as  the  French  burrs,  and  stand  the  hot  soda  much  better  with- 
out cracking. 

In  a  few  places  Carr's  disintegrators,  or  some  of  the  more 
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modem  crushing-apparatus,  may  be  employed  for  grinding  soda 
ash. 

The  ground  alkali  always  falls  direct  into  casks,  which  stand  on  a 
movable  truck  running  on  a  tramway;  so  thatwhen  one  cask  is  fiill  it 
is  easily  moved  on^  and  a  new  cask  on  its  truck  can  be  pushed  into 
its  place.  The  way  of  filling  the  casks  is  of  great  importance.  The 
usual  size  of  soda-ash  casks  on  theTyne  and  the  Clyde  is  3  ft.  4  in. 
high  and  2  ft.  8  in.  wide.  Such  a  cask,  loosely  filled  with  ash  aa 
it  falls  in  from  the  mill,  holds  only  6  to  >'  cwt.  If  shaken  up  from 
time  to  time  and  knocked  with  a  mallet,  it  holds  11  or  12  cwt., 
sometimes  more ;  and  this  should  be  asked  for  as  a  minimum.  But 
it  takes  less  labour  and  injures  the  casks  less  if  a  simple  eccentric 
is  attached  to  the  mill,  which  gently  and  constantly  shakes  the  truck 
upon  which  the  cask  rests ;  the  latter  then  holds  as  much  as 
15  cwt.  The  casks  for  such  weights  must  be  made  strong,  not 
merely  of  soft  wood,  but  partly  of  larch  or  oak  staves.  In  Lanca- 
shire, where  frequently  large  oak  sugar-hogsheads  can  be  procured, 
often  more  than  a  ton,  and  even  25  cwt.  of  ash  is  put  in  a  cask^  by 
means  of  a  mechanical  arrangement  which  slowly  turns  the  cask, 
on  a  platform,  round  its  axis,  whilst  a  heavy  ram  goes  up  and  down, 
gradually  compressing  all  the  contents  of  the  cask.  This  tight 
packing  is  of  importance  chiefly  for  oceanic  transport,  where  space, 
not  weight,  is  paid  for. 

Since  buyers  require  ash  of  diflferent  strengths,  but  the  works 
only  turn  out  one  or  two  or,  at  most,  three  strengths,  the  task  of 
reducing  stronger  alkali  to  a  lower  degree  has  frequently  to  be  ac- 
complished. This  is  mostly  done  by  means  of  common  salt,  which 
must  be  deprived  of  its  moisture  (prejudicial  to  the  grinding  of  the 
ash)  by  drying  in  a  furnace  till  all  water  is  driven  off  and  the 
salt  has  decrepitated.  The  quantity  required  for  reducing  the  ash 
is  calculated,  and  added  in  grinding,  by  shovelling  it  up  with  the 
bulk  of  the  ash  beforehand  and  allowing  both  to  be  lifted  up  toge- 
ther by  the  elevator  into  fhe  millhopper.  Uniform  mixing  is 
required  to  avoid  troublesome  reclamations ;  and  it  is  the  more  dif- 
ficult the  further  the  ash  has  to  be  reduced. 

In  England  and  Scotland,  kelp  salt  is  very  often  employed  for 
reducing  the  ash,  obtained  in  Glasgow  as  a  by-product  of  the  iodine- 
manufacturers.  It  consists  principally  of  sodium  chloride,  but  con- 
tains sufficient  carbonate  (probably  also  a  little  potash)  to  indicate 
from  8  to  12  per  cent,  available  soda.     Formerly  kelp  salt  was  so 
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cheap  that  the  chloride  cost  nothing  and  even  the  carbonate  cost  a 
little  less  than  the  same  amount  of  soda  ash ;  hence  it  was  gladly 
employed  in  the  place  of  common  salt^  which  had  to  be  paid  for. 
Recently  it  has  become  dearer^  and  even  the  chloride  contained  in 
it  mus€  be  partially  paid  for;  many  alkali-manufacturers  have 
accordingly  given  up  using  it^  since  the  small  advantage  to  be 
obtained  by  reducing  the  ash  with  kelp  salt  instead  of  with  common 
salt  is  not  sufficient  to  compensate  for  the  increased  risk  of  unequal 
mixing  produced  by  the  much  larger  quantity  required  for  the 
mixture. 
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CHAPTER  X. 


THE  PUKinCATION  OF  SODA  ASH. 

• 

For  many  purposes  the  ordinary  soda  ash  of  trade  ("  yellow  car- 
bonate '')  is  not  pure  enough  ;  its  caustic  and  especially  its  iron  are 
troublesome,  as  well  as  the  insoluble  residue.  This  is  especially 
the  case  where  the  ash  must  be  employed  as  a  whole,  without  pre- 
vious dissolving  and  settling,  e.  g.  in  glass-making ;  and  for  the 
finest  descriptions  of  glass,  as  well  as  for  some  other  purposes, 
refined  or  white  alkali  is  asked  for.  The  soda  can  seldom  be 
obtained  sufficiently  pure  by  boiling  down  and  fishing  from  the 
tank-liquor;  and  the  roimdabout  process  of  calcining  the  black  salt 
and  redissolving  must  generally  be  resorted  to.  The  principal  im- 
pediments to  direct  manufacture  of  pure  alkali  are  the  ferrocyanide 
(which,  when  once  formed,  can  only  be  got  rid  of  by  calcining  and 
converting  into  ferric  oxide)  and  other  insoluble  substances  difficult 
to  avoid.  Soda  ash  carbonated  by  gas  is  much  purer  than  that  car- 
bonated by  sawdust,  and  very  rarely  need  be  subjected  to  a  refining 
process ;  but  it  is  never  quite  so  white  as  alkali  refined  by  redis- 
solving. 

Accordingly  the  soda  ash  which  undergoes  refining  is  usually  that 
which  has  been  carbonated  with  saw-dust.  In  theory  the  process 
is  extremely  simple — viz.  dissolving,  settling,  evaporating,  and 
calcining ;  but  in  practice  it  demands  great  attention  in  order 
to  furnish  a  product  satisfying  all  the  requirements  of  the  buyers. 

The  soda  ash  is  for  this  purpose  employed  unground,  and  is  first 
dissolved.  This  is  done  according  to  various  plans,  identical  with 
those  employed  in  the  manufacture  of  crystal  soda ;  so  that  one 
description  will  do  for  both.     Often,  in  small  works,  simple  square 
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or  round  iron  tanks  (fig.  236)  are  nsed,  in  which  a  strong  wire 
sieve,  a,  is  suspended  so  that  its  bottom  is  below  the  level  of  the 
liquid;  a  water-pipe  b,  an  open  steam-pipe  c,  and  a  siphon  or  cock 

Fig.  336. 


complete  the  apparatus.  For  running  06^,  the  most  suitable  con- 
trivance is  a  pipe,  d,  with  an  inner  limb  tumiag  on  a  swivel 
which  is  ordinarily  turned  upwards,  but  for  running  off  is  gra- 
dually turned  round  and  permits  drawing  off  the  clear  liquid 
from  the  mud.  A  large  cock,  e,  in  the  bottom  serves  for  letting 
out  the  mud, 

In  the  place  of  the  simple  turning  pipe,  or  drop  siphon,  d,  which 
consists  of  an  ordinary  gas-fitting,  a  more  durable  swivel  joint  may 
be  employed,aB  shown  in  figs.  S37  and  238,  consisting  of  two  cast-iron 
elbow  pieces,  a  and  b,  the  joining  ends  of  which  are  ground  into  each 
other  as  a  valve  into  its  seat ;  these  are  kept  together  by  the  screw- 
clamp  c.  One  of  the  elbows  is  connected  with  a  short  piece  of  pipCj 
d,  attached  to  the  side  of  the  vessel ;  the  other  carries  a  longer 
upright  pipe,  e.  Wherever  in  future  drop  siphons  are  men- 
tioned, the  above-described  or  a  similar  swivel  joint  may  be  em- 
ployed. 


The  tank  is  filled  with  water  up  to  the  height  of  the  sieve  (if 
warm  water  is  at  disposal  for  this  purpose,  so  much  the  better),  and 
steam  is  injected  till  the  liquid  boils;  now  the  soda  ash  is  gradually 
put  upon  the  sieve  and  left  to  be  dissolved.  At  the  same  time  the 
boilii^  secures  a  good  agitation  of  the  liquid — which  is  always 
necessary,  even  with  a  suspended  sieve,  because  much  fine  powder 
falls  through  this  to  the  bottom.  Soda  ash  is  not  quite  so  soluble 
in  boihng  aa  in  tepid  water ;  bat  this  does  no  harm,  as  the  liquid 
must  of  course  cool  down  a  little  during  the  settling,  Usually  the 
liquor  is  made  54°  to  56°  Tw.  strong,  measured  hot.  Often  during 
dissolving  a  little  bleaching- powder  made  into  a  cream  is  added, 
say  tV  ^  i  P^**  f^^^^-  of  the  weight  of  the  ash ;  this  has  the  twofold 
action  of  oxidizing  any  ferrous  salts,  of  converting  the  sulphite  into 
sulphate,  and  of  destroying  the  organic,  humus-like  colouring- 
matter.  The  ferric  oxide  is  at  once  precipitated  by  the  soda  as  hy- 
drate, and,  in  spite  of  its  usual  gelatinous  form,  is  easily  got  rid  of, 
as  the  equally  precipitated  calcium  carbonate  carries  it  down 
and  causes  it  to  settle  quickly.  Of  course  a  quantity  of  soda  cor- 
responding to  the  bleaching -powder  is  converted  into  chloride ;  so 
that  the  strength  of  refined  alkali  is  rather  below  that  of  the  soda 
ash,  although  the  insoluble  substances  have  been  removed.  It  is 
advisable,  however,  to  employ  from  the  first  soda  ash  yielding  a  com- 
pletely colourless  solution  (p.  633} ;  for  then  do  bleaching-powder 
at  all  need  be  used. 

lu  France,  in  small  works,  soda  ash  is  dissolved  (for  crystal- 
making)  in  deep  conical  boilers,  A,  fig.  239,  which  are  sometimes 
heated  by  an  open  fire,  but  more  frequently  by  steam.  B  is  a 
water-pipe,  C  the  steam-pipe,  D  a  box  of  perforated  sheet  iron, 
which  is  suspended  by  two  chains,  and  thus  can  more  easily  be 
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moved  up  and  down  and  adjusted  to  the  level  of  the  liquid  than  tho 
sieve  in  fig.  236,  intended  for  a  larger  scale  of  working. 


In  larger  works  solution  is  mostly  hastened  by  employing  ver- 
tical iron  cylinders  with  mechanical  agitators,  into  which  the  soda 
ash  is  gradually  charged  afler  the  water  has  been  got  up  to  the 
boiling-point.  Such  a  vessel,  8  feet  in  diameter  and  6  feet  high, 
can  dissolve  40  tons  of  soda  ash  in  16  hours.  Hausamann  (Dingl. 
Joum.  ccxiii.  p.  129)  proposes  injecting  the  steam  through  two 
cross  branches  at  the  bottom  of  the  vessel,  which  will  be  automati- 
cally turned  round  by  the  impact  of  the  issuing  steam  itself,  the 
upper  vertical  pipe  turning  freely,  being  connected  with  the  main 
pipe  by  a  giand ;  chains  dragging  behind  the  cross-shaped  pipe  are 
continually  to  stir  up  the  bottom  mud.  Sometimes  semicyliadrical 
vessels  with  a  horizontal  agitating  shaft  are  used ;  these  abo  are 
flwd  to  work  very  well. 

A  very  suitable  continuously  acting  dissolving  apparatus,  em- 
ployed in  a  Swiss  works,  is  shown  in  fig.  240.  A  sheet- iron  cylinder, 
13  feet  high  and  2  feet  9  inches  wide,  open  at  the  top,  closed  at  the 
bottom,  and  provided  with  a  false  bottom  at  but  a  short  distance 


from  the  true  bottom,  is  entirely  filled  with  soda  ash.      Below  the 
false  hottom  enter  both  the  water-pipe  a  (1^  inch)  and  the  steam- 
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pipe  &  (li  inch).  By  these  a  solution  of  alkali  is  produced^  which 
on  rising  in  the  cylinder  is  quite  saturated  and  runs  ofE  at  c  through 
a  2^-inch  pipe  in  this  state;  it  is  filtered  through  the  ash  in  the 
cylinder  itself.  .  An  elevator^  dy  constantly  pours  fresh  soda  ash 
into  the  top  of  the  cylinder  in  the  same  ratio  as  it  is  dissolved ;  the 
piece  e  serves  to  keep  the  ash  put  on  from  falling  down.  The  cock 
h  (2^  inches)  serves  for  discharging  the  whole  apparatus  when  it  is 
to  be  stopped  or  cleaned  out. 

When,  in  the  ordinary  construction,  the  necessary  strength  of 
the  liquor  in  the  dissolver  has  been  attained,  the  steam  is  cut  ofi^, 
the  agitator  (if  one  be  present)  is  stopped,  and  the  liquor  allowed 
to  rest  for  a  few  hours ;  it  is  then  drawn  off  as  much  as  possible 
from  the  mud,  preferably  by  the  swivel  siphon  d  (fig.  236),  first  of 
all  into  the  settlers.  The  mud  is  sometimes  left  in  the  dissolver 
over  several  operations,  according  to  its  quantity ;  it  must  always 
be  ultimately  removed.  It  consists  of  calcium  carbonate,  aluminium 
silicate,  ferric  oxide,  sand,  &c.,  but  always  contains  a  large  quantity 
of  sodium  carbonate  mechanically  absorbed.  The  simplest  way  of 
recovering  the  latter  seems  at  first  sight  to  be  by  putting  the  mud 
into  the  black-ash  tanks  j  but  it  stops  these  up  very  soon  and  causes 
them  to  work  irregularly ;  hence  it  must  be  lixiviated  by  itself,  when 
it  will  also  yield  a  purer  liquor.  This  is  effected  by  once  or  twice 
boiling  up  with  water,  settling,  and  decanting ;  the  washings  are 
employed  for  dissolving  fresh  soda  ash.  This  operation  is  rather 
troublesome ;  it  can  be  very  much  facilitated  by  employing  either 
a  filter  press,  or  a  filter  made  of  porous  material  with  a  vacuum 
underneath  it,  similarly  as  in  causticizing  soda  by  lime. 

The  liquor  coming  from  the  dissolver  must  first  of  all  be  com« 
pletdy  settled]  upon  a  careful  separation  of  all  insoluble  matters 
the  success  of  the  operation  essentially  depends.  This  is  attained 
by  12  or  24  hours'  rest  and  careful  drawing  off  from  the  sediment. 
For  the  sake  of  safety  the  inner  end  of  the  running-off  pipe  can  be 
surrounded  by  a  perforated  drum,  fig.  241,  covered  with  a  double 
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envelope  of  closely-woven  calico^  through  which  the  liquid  will  be 
filtered  from  any  fine  particles  still  suspended  in  it.  Since  in  this 
case  the  whole  of  the  sediment  does  not  get  upon  the  filter^  it  is 
not  so  easily  stopped  up  as  the  ordinary  filters,  which  are  never 
met  with  in  any  large  works,  because  they  constantly  give  way. 

A  very  good  continuously  acting  clarifying  process  consists  in 
passing  the  liquor  slowly  through  long  distances.  If  it  is  run 
into  one  end  of  a  long  and  capacious  vessel  (say  one  half  of  a 
steam-boiler  cut  in  two),  the  current  slackens  so  much  in  the 
vessel,  that,  before  running  out  at  the  other  end,  it  has  deposited 
nearly  all  suspended  particles  (similar  to  rivers  flowing  through  a 
lake) ;  and  by  once  or  twice  repeating  this  process  the  liquor  may 
be  run  off  perfectly  clear. 

Of  course  under  no  circumstances  must  the  settling  operation 
be  protracted  till  the  soda  begins  to  crystallize  out.  This  does 
not  easily  happen,  as  the  large  bulk  of  liquid  keeps  warm  for  a 
long  time.  But  it  is  advisable  to  surround  the  settlers  with  bad 
conductors  of  heat  (wood,  straw,  brickwork,  &c.).  Since  soda  has 
its  maximum  of  solubility  at  38^  C,  nothing  can  crystallize  out 
above  that  temperature. 

The  settled  liquor  must  now  be  boiled  down.  This  is  done  in 
any  of  the  usual  pans.  On  the  Tyne,  where  most  refined  alkali 
is  made,  the  liquor  for  this  is  boiled  down  with  top  heat,  but 
always  in  pans  heated  by  a  special  fire,  preferably  a  coke  fire,  so 
that  no  flying  ashes  can  get  into  it.  Frequently  pans  of  24  to 
27  feet  length  are  employed,  fitted  with  a  coke  fireplace  at  each 
end ;  the  flames  travel  over  the  liquor,  unite  in  the  centre  of  the 
pan,  and  are  here  conveyed  into  a  common  flue  leading  to  the 
chimney.  Experience  has  shown  that  much  less  soot  is  formed 
thus  than  if  the  flame  travels  from  one  end  along  the  whole 
length  of  the  pan ;  but  the  utilization  of  the  heat  is  very  imperfect. 
The  flame  of  the  drying-furnace  is  not  used  for  heating  the  pan 
(for  which  it  would  not  in  any  case  be  sufficient),  in  order  to 
avoid  soot,  and  because  the  furnace  itself  would  have  to  be  fired 
with  coke.  The  boiling-down  is  again  continued  till  the  consis- 
tency of  mortar  is  attained,  when  the  refined  salt  is  drawn  out 
into  a  drainer  like  that  in  fig.  171  (folding  plate  to  p.  386). 

Since  it  is  difficult  on  making  good  the  joints  of  the  doors 
with  day  or  lime  to  prevent  some  of  this  getting  into  the  drainers, 
those  with  slanting-out  pockets  (figs.  200  &  201)  are  preferred  for 
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refimng-pans.     ThQ  mother  liquors  are  always  pumped  back  into 
the  pan^  and  worked  up  with  the  next  batch. 

In  other  places  bottom-fired  pans  of  different  constructions  are 
employed;  besides  the  usual  descriptions^  cast-iron  pans  of  the 
shape  of  a  segment  of  a  sphere  are  also  used^  by  which  fishing 
is  much  facilitated ;  but  they  are  liable  to  crack. 

The  fished  or  drained  salt  now  need  only  be  dried  in  a  reverbe- 
ratory  furnace^  and  ultimately  ignited  strongly^  of  course  not  up  to 
the  Aising-point ;  last  of  all^  it  is  finely  ground  and  packed.  All 
this  is  very  simple  work ;  there  is  no  carbonating  here ;  and  flux- 
ing cannot  easily  occur.  But  the  greatest  cleanliness  must  be 
observed ;  at  large  works  there  are  always  present  a  special  room, 
a  special  mill,  &c.  for  this  manufacture. 

Usually  the  loss  in  refining,  through  insoluble  residue,  incom- 
plete washing,  &c.,  is  reckoned  at  5  per  cent,  of  the  soda  ash  dis- 
solved. The  strength  of  the  alkali  is  not  sensibly  increased,  not- 
withstanding the  removal  of  the  insoluble  portion ;  and  if  bleaching- 
powder  be  employed,  it  is  even  lowered  by  -J  or  1  degree,  owing  to 
the  decomposition  of  sodium  cairbonate  by  calcium  chloride. 

Good  refined  alkali  should  be  of  perfectly  white  colour,  without 
any  yellow  shade,  and  should  show  extremely  few  black  spots ; 
but  very  few  descriptions  are  absolutely  free  from  the  latter.  It 
must  dissolve  in  water  completely  (without  leaving  any  residue), 
forming  a  perfectly  dear  solution.  Caustic  soda  ought  not  to 
occur  in  it  at  all,  or  at  most  only  a  small  fraction  per  cent. ;  of 
sodium  sulphide  and  sulphite,  or  of  iron,  it  should  not  show  even 
a  trace.    Analyses  have  been  given  on  pp.  551  &  552. 

The  Manufacture  of  Crystal  Soda. 

In  spite  of  the  large  quantity  of  water  which  has  to  be  carried 
about  in  crystallized  soda  (100  parts  of  the  latter  consisting  of 
87*08  parts  of  sodium  carbonate  and  62*92  parts  of  water),  and  the 
further  drawback  that  it  is  much  bulkier  and  requires  propor- 
tionately more  packages  for  the  same  weight  than  soda  ash,  it  is 
still  manufactured  in  enormous  quantities,  not  merely  at  the 
alkali-works  themselves,  but  also,  in  the  north  of  France  and  in 
Holland,  by  a  number  of  manufacturers  who  buy  soda  ash  and 
convert  it  into  crystal  soda. 

The  reason  why  this  product  can  bear  the  increased  cost  of 
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carriage,  packing,  and  manufacturing,  is  partly  because  it  is  purer 
than  any  other  form  of  sodium  carbonate  obtained  on  a  large 
scale  (and  this  purity  is  shown  even  outwardly  by  its  crystallized 
state),  but  more  especially  on  account  of  its  freedom  from  iron  and 
insoluble  substances.  For  this  reason^  in  some  branches  of  in- 
dustry they  regularly  use  soda  crystals,  even  when  soda  ash  might 
just  as  well,  and  more  cheaply,  be  employed.  But  the  principal 
consumption  of  crystal  soda  is  for  domestic  purposes,  viz.  for 
washing.  Here  it  is  a  most  important  circumstance  that  crystal 
soda  is  quite  free  from  caustic  and  other  compounds  acting 
similarly  on  the  skin  (sodium  aluminate  and  silicate) ;  so  that  the 
hands  of  the  washerwomen  suffer  less  from  it.  Moreover  it  is 
more  easily  divided  and  handled  than  the  finely-powdered  soda 
ash,  which  on  lying  exposed  to  air  (especially  to  the  air  of  a  wash* 
house)  cakes  together  into  lumps;  and,  above  all,  it  is  easily 
dissolved  in  water,  whilst  soda  ash  would  partly  remain  as  a  hard 
lump  at  the  bottom  of  the  wash-tubs,  and  some  grains  of  it  would 
get  mixed  up  with  the  clothes,  and  injure  them  in  some  cases. 
Hence  soda  ash  is  never  employed  in  washing,  but  always  crystal 
soda;  and  this  readily  accounts  for  the  enormous  scale  on  which 
the  latter  is  manufactured.  It  is  frequently  sold  under  the  com- 
mercial name  of  washing-crystal. 

Although  for  most  applications  of  crystal  soda  a  faintly  yellow 
colour,  produced  by  organic  substances,  would  not  do  much  harm^ 
still  in  the  trade  as  colourless  an  article  as  possible  is  always  asked 
for,  and  that  justly,  since  only  this  affords  to  the  consumer  a 
sufficient  guarantee  of  its  freedom  from  sulphide,  iron,  &c.  Hence, 
till  quite  recently,  notwithstanding  very  numerous  endeavours, 
crystal  soda  was  not  made  direct  from  the  tank-liquors  by  a  single 
crystallization.  A  few  manufacturers,  by  very  thoroughly  carbo- 
nating  with  gas  and  very  long  settling  of  the  tank-liquor  have 
succeeded  in  making  white  crystals  from  it;  but  these  are  com- 
plained of  as  being  too  soft  and  not  easily  saleable ;  and  in  most 
places  their  preparation  has  been  considered  too  troublesome. 
There  is,  however,  more  prospect  now  of  making  good  crystal  soda 
directly  from  the  purified  tank-liquors  obtained  by  the  Pechiney- 
Weldon  process. 

Crystal  soda  (on  the  Tyne  usually  called  simply  ''soda")  is 
accordingly  practically  always  made  from  previously  calcined  soda 
ash  (yellow  carbonate)  by  dissolving  it  at  a  higher  temperature  and 
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allowing  it  to  cool  in  iron  vessels.  Sometimes  it  is  stated  that 
for  this  purpose  an  impure  soda  ash^  otherwise  not  saleable^  may 
be  taken ;  but  this  is  decidedly  wrong.  If  such  ash  is  of  very  low 
strength,  the  quantity  of  mother  liquor  will  be  much  larger.  If 
it  is  coloured  by  iron,  this  does  not  do  much  harm,  as  the  ferric 
oxide  remains  behind ;  yellow  or  even  reddish  soda  ash  often  yields 
better  soda  crystals  than  white  ash,  whose  better  colour  is  some- 
times owing  to  incomplete  oxidation  of  the  iron.  Above  every 
thing  the  soda  ash  should  be  nearly  free  from  caustic  soda  and 
unoxidized  sidphur  compounds;  not  only  are  these  themselves 
uncrystallizable  and  increase  the  quantity  of  mother  liquor  at  the 
cost  of  the  yield  of  crystals,  but  they  prevent  the  perfect  settling 
of  the  liquor,  and,  even  after  filtering,  impart  to  it  a  colour  which 
is  found  again  in  the  crystals,  and  which  no  doubt  is  due  to 
organic  substances  dissolve  by  the  caustic  or  sulphide.  The  latter 
fault  can  sometimes  be  corrected  by  means  of  bleaching-powder ; 
but  in  this  case  a  corresponding  quantity  of  sodium  carbonate  is 
lost,  and  sometimes  the  smell  of  the  chloride  obstinately  adheres 
to  the  crystals.  In  English  works  with  well-carbonated  ash  about 
J  by  weight  of  bleaching-powder  per  cent,  of  the  crystal  soda 
is  used.  In  French  works  sometimes  lead  sulphate  is  employed, 
here  and  there  in  combination  with  bleaching-powder.  Badly 
carbonated  ash  containing  much  organic  matter,  especially  when 
made  with  the  help  of  sawdust,  will  often  not  yield  a  clear  solution 
at  all,  at  any  rate  not  one  of  high  concentration.  Consequently 
for  crystal-making  the  quality  of  the  soda  ash  ought  to  be  care- 
fully attended  to.  Ash  that  colours  by  lying  in  the  air  is  not  well 
adapted  for  it.  The  French  makers  of  crystals  require  the  maxi- 
mum of  caustic  contained  in  the  soda  ash  to  be  1  per  cent. ;  the 
ash  is  then  sure  to  be  free  from  sulphide  and  organic  matter,  since 
only  by  excellent  calcining  can  the  above  point  be  reached. 

The  dissolving  is  done  in  precisely  the  same  way  and  up  to  the 
same  strength  (52°  to  61°  Tw.)  as  has  been  described  when  treating 
of  refined  alkali  (p.  556  seq.) .  Exceptionally,  dissolving  by  steam 
has  been  proceeded  with  only  to  a  strength  of  45°  Tw.,  followed  by 
settling,  boiling  down  over  a  direct  fire  to  a  strength  of  58°,  and 
running  into  the  coolers.  This  yielded  a  very  fine  quality,  but 
has  been  given  up  on  account  of  the  expense.  In  a  large  English 
factory  the  liquor,  hot  from  the  dissolver,  showed  60°  or  61°  Tw. — 
in  the  settlers  at  35°  C,  66°  or  67°  Tw. 
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Not  quite  so  much  care  is  taken  in  settling  the  liquor  for  ciys- 
tals  as  for  refined  alkali,  since  the  suspended  impurities  subside 
in  the  coolers  before  crystallizatioa  seta  in,  and  consequently  can 
be  mechanically  removed  from  the  crystals.  Sometimes  no  other 
settling  takes  place  than  that  in  the  dissolTers;  in  large  works, 
Trhere  the  dissolvers  have  to  go  on  continuously,  at  least  two  spe- 
cial settlers  are  employed,  which  are  used  alternately,  and  in  which 
the  liquor  remains  twenty-four  hours.  From  these  the  liquor  is 
run  into  the  cooleri  or  crystallizing -cones.  These  in  England  are 
always  very  lai^e,  in  France  very  small,  and  in  Germany  usually 
of  a  medium  size.  The  large  cones  are  mostly  made  of  cast-iron, 
frequently  in  the  shape  of  segments  of  spheres,  about  9  feet  in 
diameter  and  2  feet  deep,  east  1  inch  thick ;  each  such  cone  yields 
from  SO  to  35  cwt.  of  crystals.  But  pans  and  vessels  of  other 
shapes,  both  of  cast  and  of  wrought  iron,  and  of  very  various  sizes, 
are  employed. 

The  shallower  the  coolers  are,  up  to  a  certain  limit,  the  better ; 
thos  wrought-iron  vessels  20  feet  x  6  feet  and  3  feet  2  inches  deep 
have  turned  out  very  successful.  The  cast-iron  p^ins  sometimes 
used  in  Lancashire,  6  feet  in  diameter  and  2  feet  6  inches  deep,  are 
already  too  deep.  On  the  Tyne  and  Clyde  the  shape  adopted  by 
the  largest  works  is  an  oblong  with  rounded  comers,  with  a  bot- 
tom sloping  to  one  side,  and  in  it  an  outlet- opening  for  mother 
liquor  (figs.  242  &  243).     The  bottom  is  so  shaped  that  the  whole 
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of  the  mother  liquor  can  run  out  through  the  opening.  A  cone 
of  the  size  represented  weighs  from  42  to  43  cwt ,  and  yields 
28  cwfc.  of  crystals  in  seven  days. 

The  cones  are  placed  in  rows  in  a  large  shed^  which  in  summer 
is  always  kept  very  airy  by  means  of  open  lattice-work ;  between 
each  two  rows  there  runs  a  gutter  along  the  bottom  for  the  mother 
liquor,  and  above  the  cones  a  spout  of  thin  cast  iron  with  openings 
in  the  bottom  for  the  cones.  These  openings  are  continued  into 
short  valve-seats,  usually  closed  by  ground-in  cast-iron  plugs ;  and 
each  of  them,  by  means  of  branch  spouts,  can  feed  several  cones. 
It  is  advisable  to  lay  the  whole  floor  with  flags  in  cement  or  with 
asphalt,  so  as  to  have  from  each  side  a  fall  toward*  the  centre ;  here 
all  spilt  liquor  collects  in  a  well  placed  at  the  deepest  point.  Some- 
times, where  space  is  an  object,  two  or  even  three  floors  of  such 
cones  are  placed  under  one  roof. 

The  cones  are  filled  nearly  to  the  top,  and  several  strips  of  sheet 
iron  laid  over  them  at  right  angles  to  each  other.  Crystallization 
sets  in  first  upon  these ;  and  soon  a  complete  crust  of  crystals  is 
formed,  which  grow  downwards  into  the  liquor,  often  to  more  than 
a  foot  in  length,  and  yield  the  finest  article.  Less  fine  are  the  crys- 
tals formed  on  the  sides,  which  have  to  be  cut  off  with  chisels ; 
least  fine  are  those  formed  on  the  bottom.  In  order  that  the 
crystals  may  not  be  contaminated  with  iron,  the  cones  must  be 
kept  bright  and  free  from  rust ;  sometimes  they  are  painted 
(p.  169). 

In  cones  holding  a  ton.  and  upwards  the  crystallization  is  finished 
in  from  6  to  8  days  in  winter,  in  14  days  in  summer ;  but  of  course 
in  summer,  eveif  with  longer  waiting,  the  yield  is  smaller,  since  more 
soda  remains  dissolved  in  the  mother  liquor.    In  warmer  countries, 
as  in  France,  the  manufacture  must  be  entirely  discontinued  in 
summer.     When  the  cooling  is  complete  the  upper  crust  is  broken 
and  the  mother  liquor  drawn  oflT  by  a  siphon.     If  the  vessel  has  an 
outlet  through  the  bottom,  which  in  the  meantime  had  been  closed 
by  a  wooden  plug  reaching  above  the  level  of  the  liquor,  this  is 
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loosened  by  a  few  blows  with  a  hammer,  pulled  out,  and  the  liquor 
run  out  completely.  Then  the  crystals  are  broken  off,  drained 
within  the  cone  itself,  and  put  on  a  wooden  bench  inclined  a  little 
forward,  where  they  partially  dry  in  the  air  for  24  hours ;  they  are 
then  packed  in  casks.  Sometimes  they  are  even  packed  directly 
after  draining  in  the  cones. 

In  France  regularly,  and  sometimes  in  Germany,  much  smaller 
vessels  are  employed,  even  in  large  works  where  thousands  of  them 
are  required.  In  that  warmer  climate  they  seem  to  answer  better 
than  the  large  English  cones.  And  the  wages  do  not  seem  to 
amount  to  much  more  :  e.g.m  h  works  in  the  north  of  France  they 
are  stated  to  be  37  centimes  per  100  kilog.  against  35  in  Glasgow, 
which  statement  certainly  does  not  take  into  account  the  generally 
higher  rate  of  wages  in  the  latter  place.  The  soda  ash  is  dissolved 
in  apparatus  of  manifold  shapes,  sometimes  subsequently  concen- 
trated by  high-pressure  steam,  cleared  with  the  assistance  of  lead 
sulphate  or  bleaching-powder,  and  drawn  off  with  an  india-rubber 
siphon,  by  which  a  large  number  of  the  vessels  can  be  filled  very 
quickly.  These  are  mostly  of  cast  iron,  in  the  shape  of  very  thin 
pots  of  14  to  18  inches  diameter  and  about  8  inches  depth.  They 
are  placed  on  wooden  stands,  a  number  of  tiers  one  above  another. 
The  crystallization  takes  24  or,  at  most>  48  hours  ;  then  a  hole  is 
broken  in  the  top  crust,  the  mother  liquor  poured  off  by  tilting  the 
pots  on  one  side  and  leaning  them  against  a  lath,  on  special  drain* 
ing-stages  with  troughs  running  underneath. 

The  cakes  of  crystals  very  firmly  adhering  to  the  sides  are 
detached  by  holding  the  pots  for  a  moment  in  a  hot-water  pan,  or 
even  in  the  steam  arising  from  it :  the  layer  in  immediate  contact 
with  the  sides  melts ;  and  then  the  whole  cake  can  be  tilted  out. 
The  loose  cakes  are  again  drained  for  24  hours,  standing  on  edge  in 
many  rows,  leaning  against  one  another;  they  are  then  broken  into 
pieces,  and  these  exposed  in  stoves  on  wooden  shelves  to  a  tempe- 
rature of  little  more  than  20°  0.  till  they  are  quite  dry  and  just 
begin  to  efSoresce  at  the  points.  Then  they  are  at  once  packed 
close,  to  prevent  any  further  efflorescence. 

Other  works  employ  boxes  of  very  thin,  pliable  sheet  iron  2  feet 
8^  inches  long,  12  inches  wide,  and  9  inches  deep,  with  strengthened 
edges  and  with  loops  for  easily  handling  them.  These  also  are  put 
in  several  tiers  one  above  another,  and  are  finished  in  24  to  36 
hours.     After  pouring  off  the  mother  liquor,  the  crystal  cake  can 
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be  easily  detached^  owing  to  the  elasticity  of  the  sides  and  the  bot- 
tom.    The  further  treatment  is  as  above  described. 

In  Grermany  crystallizing-vessels  in  size  between  the  French  and 
English  are  mostly  used. 

Brown  states  the  composition  of  two  samples  of  soda  crystals 
as  follows : — 

Sodium  carbonate   86*476  86*931 

„        sulphate 0-943  0*542 

„       chloride 0-424  0*314 

Water   62157  62*213 


100000  100-000 

The  mother  liquors  from  the  crystals  still  contain  a  great  deal  of 
sodium  carbonate^  and  the  more  the  higher  the  temperature  of 
crystallizing*  Besides,  they  contain  all  the  caustic  and  most  of  the 
chloride  and  sulphate^  of  which  mostly  less  than  1  per  cent,  crystal- 
lizes along  with  the  soda.  Such  a  mother  liquor^  of  spec.  grav. 
1*2131^  showed  the  following  composition  : — 

NajCO, ; 8*20 

NaOH    4*30 

Naa 8-30 

Na,S04 308 

PejOa  and  AljO,    0*23 

Water 80*89 


10000 


These  mother  liquors  are  boiled  down  in  pans  to  the  consistency 
of  mortar  (in  one  works  the  cylindrical  pan  with  side  pockets^  de- 
scribed on  p.  514,  is  employed  for  this  purpose)^  and  calcined  in  a 
furnace;  they  yield  a  very  white  alkali,  but  of  course  of  lower 
strength.    This  mother-alkali  in  winter  shows  30  per  cent,  available 
soda^  and  in  summer^  according  to  temperature^  from  40  to  45  per 
cent.     In  the  north  of  France  an  average  of  65^  Descroizilles  is 
reckoned.      It  is  principally  used  in  glass-makings  where  the  sul- 
phate contained  in  it  is  utilized.     Its  quantity  varies  according  to 
the  season. 

Exceptionally  an  impure  crystal  soda  is  recrystallized  by  melting 
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it  in  an  open  pan  by  means  of  direct  fire^  with  the  addition  of  a  little 
water  and  mill(  of  lime  or  bleaching-powder^  and^  after  settling, 
rnnning  it  into  the  coolers.  Under  ordinary  circumstances  this 
would  not  pay. 

The  yield  can  be  seen  from  the  following  figures^  obtained  fix>m 
actual  practice.  1700  tons  of  52-per-cent.  soda  ash  yielded 
8250  tons  of  crystal  soda  net  weight,  or  3538  tons  gross  weight  *, 
besides  mother-alkali  of  varying  strengths,  equivalent  to  847^  tons 
of  48-per-cent.  available  soda. 

Another  trustworthy  statement,  from  an  English  works,  puts  the 
yield  from  100  tons  of  52-per-cent.  soda  ash,  deducting  the 
mother-alkali  (t.  e,  not  including  it  in  the  100  tons),  at  233  to 
237  tons  of  crystals.  The  mother-alkali  amounted,  upon  1000 
tons  of  crystals,  to  110  tons  of  36i-per-cent.  =80'7  tons  of  48-per- 
cent. 

At  a  French  works,  on  100  crystals  6  mother-alkali  of  55*^ 
Descroiz.  is  reckoned. 

Some  crystals  are  often  adulterated  with  the  much  cheaper 
Glauber^s  salts ;  just  those  consumers  for  whom  the  latter  is  abso- 
lutely worthless,  viz.  housewives  and  laundresses,  are  most  exposed 
to  this  fraud.  J.  H.  Swindells  (Chem.  News,  xvi.  p.  227)  mentions 
that  the  manufacture  of  mock  Scotch  soda  crystals  was  carried 
on  on  a  large  scale^  and  the  product  sold  as  ^^best  Scotch  soda'' 
(comp.  p.  169) . 

*  On  the  Tyne  crystal  soda  is  sold  by  gross  weight,  without  taring  the  casks, 
which  makes  a  difference  of  7^  per  cent,  compared  with  net  weight.  This  is 
done  to  save  the  taring  of  casks  and  the  compUcation  of  invoices,  too  troublesome 
for  such  a  cheap  article. 
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CHAPTER  XI. 


BICAHBONATE  OF  SODA. 


The  properties  of  this  salt  and  its  solutions  have  been  described 
above  on  p.  283^  in  connexion  with  the  other  carbonates  of  sodium. 
Its  preparation^  so  far  as  it  belongs  to  the  ammonia-soda  process^ 
will  be  described  in  that  Chapter^  since  in  that  case  the  bicarbonate 
is  essentially  a  transition  stage^  and  rarely  comes  into  the  trade  as 
such^  owing  to  the  difficulty  of  entirely  depriving  it  of  adhering 
ammonium  salts  without  losing  any  carbonic  acid. 

Richards^  on  ,Jan.  29th^  1874^  patented  the  process  of  treating 
1000  parts  of  the  sodium  bicarbonate^  made  in  that  process^  with  a 
mixture  of  3  parts  liquor  ammonise  with  150  parts  water,  in  order 
to  convert  the  ammonium  bicarbonate  into  monocarbonate  and 
washing  out  the  latter.  But  in  practice  nearly  all  commercial 
bicarbonate  is  still  made  by  treating  crystal  soda  with  carbonic 
acid. 

On  a  small  scale  this  is  done  by  passing  CO^  into  a  cold  saturated 
solution  of  sodium  carbonate  till  the  bicarbonate^  owing  to  its  lesser 
solubility^  is  precipitated.  On  a  manufacturing  scale  the  COj  is 
always  made  to  act  upon  solid  crystal  soda^  for  whicb  the  inferior 
yellowish  crystals  may  be  taken  without  injuring  tbe  quality  of  the 
bicarbonate. 

The  carbonic  acid  is  obtained  from  various  sources.     In  some 
places  natural  eruptions  of  that  gas  occur,  which  are  collected  in  a 
kind  of  wells,  washed,  and  conveyed  into  the  absorbing-vessels. 
Elsewhere  the  CO,  of  fermentation  is  used  for  thia  purpose,    for- 
merly, when  Epsom  salts  could  not  be  made  so  cheaply  as  now  (from 
kieserite) ,  their  manufacture  was  sometimes  combined  with  that  of 
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bicarbonate^  by  dissolving  magnesite  in  sulphuric  acid  and  utilizing 
the  escaping  CO^. 

The  gas  obtained  on  burning  lime  (comp.  Chap.  XVII.)  or  coke 
is  sometimes  employed  for  bicarbonate^  but  is  not  very  well  adapted 
for  this  purpose^  and  never  yields  a  first-class  article^  being  too  im- 
pure^ too  hofc^  and  charged  with  soot^  ashes^  &c.  These  drawbacks 
might  be  mostly  remedied  by  cooling  and  washing ;  but  the  great 
dilution  of  CO^  by  N  &c.  cannot  be  avoided^  and  hence  a  salt  satu- 
rated  with  CO,  cannot  be  obtained.  Neither  has  the  production  of 
CO,  by  the  action  of  superheated  steam  on  limestone  turned  out  suc- 
cessful for  this  purpose. 

Although  perhaps  here  and  there  a  little  bicarbonate  may  be  made 
in  other  ways^  the  principal  seat  of  its  manufacture  is  in  English 
works^  where  the  carbonic  add  is  made  from  limestone  and  hydro- 
chloric acid;  which  is  said  to  have  been  done  first  by  Schoeffer  in 
1840.  This  is  principally  done  in  factories  which,  owing  to  the 
arrangement  of  their  furnaces,  produce  large  quantities  of  weak 
muriatic  acid  (1^-7^  Tw.),  for  which  to  this  day  no  other  outlet  of 
any  importance  has  been  found.  Their  apparatus  is  a  large,  tightly 
covered  tank,  made  of  stone  flags,  similar  to  a  chlorine-still  or  in 
a  rather  simpler  way,  frequently  sunk  in  the  ground  and  surrounded 
by  puddled  clay.  This  tank  is  filled  with  limestone  or  chalk,  and 
the  muriatic  acid  run  in  by  a  pipe  reaching  nearly  to  the  bottom, 
the  CO,  escaping  through  a  pipe  fixed  in  the  top.  A  little  below 
the  top  is  an  overflow-pipe,  through  which  the  solution  of  calcimn 
chloride  formed  runs  off  when  the  level  of  the  liquor  has  risen  to 
that  height ;  and  from  this  moment  the  work  goes  on  continuously, 
the  supply  of  muriatic  acid  at  the  bottom  being  regulated  so  that 
it  is  entirely  saturated  before  it  gets  up  to  the  overflow.  Thus  it  is 
only  necessary  to  put  in  limestone  from  time  to  time,  and  to  clean 
out  the  tank  now  and  then  from  mud. 

The  crystal  soda  is  exposed  to  the  action  of  carbonic  acid  in  ap- 
paratus of  all  shapes  and  made  of  various  materials.  Wood  (rarely), 
brickwork,  or,  preferably,  wrought  iron  is  employed  for  these  cham- 
bers ;  in  any  case  they  must  be  air-tight.  If  brickwork  be  used,  a 
barrel  arch  with  a  flagged  bottom  is  the  best  shape ;  the  bottom  is  in- 
clined from  the  sides  to  the  centre,  to  collect  the  mother  liquor.  The 
iron  chambers  are  often  old  waggon-shaped  steam-boilers,  or  any 
other  large  reservoirs.  They  are  frequently  made  large  enough  to 
walk  about  in.    Otherwise  their  shape  is  of  no  importance.    Some- 
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times  they  hold  as  much  as  60  tons  of  crystals,  and  yield  80  tons  of 
bicarbonate.  Mostly  they  are  connected  in  such  a  way  that  the  gas 
passes  from  one  chamber  to  another  and  is  thus  used  up  systemati- 
cally ;  the  fresh  gas  always  enters  the  oldest  chamber  first,  and 
arrives  last  at  the  last-charged  chamber.  The  entrance  doors  must 
be  tight  j  and  sometimes  the  joints  are  plastered  with  clay.  Since^ 
during  the  absorption  of  CO^,  in  spite  of  the  liquefaction  of  the 
water  of  crystallization,  much  heat  is  liberated,  which  may  injure 
the  process,  iron  chambers,  radiating  the  heat  away  quickly,  are  the 
best.  Shelves  are  sometimes  fixed  inside,  to  receive  the  soda ;  at 
the  large  works  these  are  dispensed  with,  the  chambers  being 
entirely  filled  in  regular  layers  with  blocks  of  crystals  4  to  6  inches 
thick,  as  they  come  from  the  sides  of  the  cones.  Sometimes  by 
means  of  laths  or  boards  a  space  of  about  12  inches  height  is 
reserved  at  the  bottom,  into  which  the  COg  enters  and  spreads  all 
over,  and  the  liquor  collects;  the  outlet  for  the  gas  is  always  on 
the  top. 

During  the  action  of  the  carbonic  acid  much  water  is  liberated, 
according  to  the  equation : 

Na^COg,  10H,O  +  COj=2NaHCO8+9HaO. 

This  water  remains  saturated  with  salts,  and  especially  takes  up 
almost  entirely  the  small  quantity  of  chloride  and  sulphate  accom- 
panying the  crystal  soda,  as  well  as  any  colouring-matters.      The 
solution  mostly  runs  oflf  continually  through  a  U-shaped  pipe  in  the 
chamber-bottom,  which  prevents  the  gas  from  getting  out.     The 
stoppage  of  this  running  proves  that  the  end  of  the  absorption  is 
near  at  hand,  which  in  large  chambers  usually  takes  from  six  to  nine 
days.     The  following  indication  is  certain : — A  man  pushes  a  strong 
bar  of  iron  through  a  hole  (otherwise  closed)  in  the  chamber-side 
into  its  interior ;  only  when  the  bar  gets  as  far  as  the  centre  of  the 
chamber  without  meeting  any  hard  crusts  of  soda  is  the  bicarbonate 
finished.    A  certain  test  is  fiimished  by  dissolving  a  sample  from  the 
interior  in  water  and  adding  mercuric  chloride,  which  ought  not  to 
produce  a  yellow  precipitate,  but  only  a  white  cloudiness. 

When  the  absorption  is  finished,  the  current  of  gas  is  interrupted, 
the  door  opened,  the  chamber  aired  and  discharged.  The  soda 
crystals  are  found  converted  into  bicarbonate  without  a  change  of 
form — that  is,  as  pseudomorphs.  The  salt,  however,  is  still  very 
damp,  and  must  be  dried.      This  is  done  in  stoves,  filled  entirely  or 
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on  several  shelves^  and  heated  by  hot  air  or  steam-pipes  to  40^  or 
at  most  45^  C.  A  current  of  carbonic  acid  of  the  same  temperature 
would  be  better^  but  is  too  expensive.  Aspirating  fire-gases  by  a 
fan-blast  or  chimney  has  been  tried^  cooling  them  down  to  the  aboYC 
temperature^  and  depriving  them  of  soot  and  ashes  by  fine  wire 
sieves ;  but  the  desired  snow-white  colour  of  bicarbonate  cannot  be 
attained  in  this  way.  The  drying  often  lasts  eight  or  ten  days.  The 
bicarbonate  amounts  to  about  50  per  cent,  by  weight  of  the  soda 
crystals^  to  more  if  the  latter  have  effioresced — in  which  case  the  con- 
version into  bicarbonate  takes  place  more  easily  and  quickly.  The 
dried  bicarbonate  is  ground^  in  mills  similar  to  ordinary  corn-mills^ 
to  an  extremely  fine  powder^  and  sifted  through  a  sieve  with  about 
20  holes  to  the  linear  inch.  Oreat  care  must  be  taken  in  grinding 
that  the  mill  does  not  get  too  hot^  lest  the  bicarbonate  lose  soiae  of 
its  carbonic  acid.  Even  during  long  keeping  in  the  warehouse, 
worse  in  the  open  air^  a  little  COj  escapes.  It  is  mostly  packed  in 
casks  holding  exactly  1  cwt.  (net  weight) . 

From  the  mother  liquor  running  off,  by  drying  down  and  calci- 
ning^ refined  alkali  of  36  per  cent  available  soda  is  obtained.  This 
liquor,  owing  to  its  bicarbonate^  is  very  well  adapted  for  desulphu- 
rizing tank-liquor^  but  rather  diminishes  the  alkalimetrical  strength 
of  the  latter  by  its  chloride  and  sulphate. 

Mohr  has  proposed  to  avoid  the  formation  of  any  liquor  by 
mixing  1  part  crushed  crystals  with  8  parts  calcined  soda  aah^  and 
exposing  this  to  the  action  of  carbonic  acid.  This  is  not  a  practical 
process :  too  much  heat  would  be  set  &ee^  which  in  large  masses 
might  redecompose  the  bicarbonate  formed ;  moreover  calcined  soda 
ash  is  much  more  impure  than  cr^stals^  and  the  further  purifica- 
tion by  the  mother  liquor  running  off  would  not  take  place. 

Examination  of  Bicarbonate. — Since  this  article  is  nearly  all  con- 
sumed in  medicine  and  in  the  preparation  of  food^  a  higher  degree 
of  purity  is  justly  demanded  for  it  than  for  merely  technically-  ap- 
plied chemicals.  Bicarbonate  occurs  in  the  trade  in  very  white 
crusts^  stable  in  the  air ^  devoid  of  smell,  very  dense  and  crystalline ; 
and  the  English  article  occurs  as  an  extremely  finely  ground  powder. 
The  latter,  even  on  standing  for  a  time  in  the  air,  loses  a  portion 
of  its  COs,  while  the  crusts  are  more  stable.  It  must  form  in  water 
a  perfectly  dear  scdution,  and  after  acidulating  produce  only  very 
slight  opacity  with  barium  chloride  and  silver  nitrate.  It  must  be 
absolutely  free  from  metallic  impurities  indicated  by  sulphuretted 
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hydrogen  or  ammonium  sulphide.  All  these  conditions  are  very 
easy  to  fulfil^  more  so  than  that  of  avoiding  any  admixture  of  mono- 
or  sesquicarbonate.  The  presence  of  these  is  proved  qualitatively 
by  the  reddening  of  turmeric  paper^  by  the  cold  solution  of  the 
bicarbonate  producing  an  opacity  on  pouring  it  into  a  solution  of 
magnesium  sulphate^  or  by  a  yellow  precipitate  with  a  solution  of 
mercuric  chloride.  Pure  bicarbonate^  dissolved  in  15  parts  water, 
with  a  solution  of  HgCI^  in  2  parts  water  should  show  a  white 
cloudiness  only  after  the  lapse  of  a  few  minutes,  and  only  gradually 
turn  brown. 

In  trade  an  actual  estimation  of  the  carbonic  acid  is  asked  for. 
Theoretically  bicarbonate  contains  52*87  per  cent.  COj,  in  practice 
60  per  cent,  is  considered  sufficient.  The  estimation  at  the  works  is 
nearly  always  made  by  one  of  the  modifications  of  the  Fresenius-Will 
apparatus  for  driving  off  the  COg  from  the  dry  salt  and  ascertaining 
the  loss  of  weight.  The  inverse  method,  titrating  the  soda  alkalime- 
trically,  is  not  trustworthy,  because  all  the  foreign  salts  would  then 
be  calculated  as  bicarbonate.  Another  plan  is  to  dissolve  the  salt, 
adding  calcium  chloride  and  ammonia,  boiling,  filtering  of  the  cal- 
cium carbonate,  washing,  and  titrating  it  alkalimetrically.  Or 
standard  baryta  solution  is  added  for  precipitating  all  COj,  the 
liquid  poured  through  a  dry  filter,  and  the  excess  of  baryta  retitrated 
in  an  aliquot  portion  of  the  liquid.  All  these  plans  have  the  draw- 
back that  all  sources  of  error  influence  the  small  apparent  propor- 
tion of  monocarbonate  either  by  increase  or  diminution.  Hence 
Mebus  (Dingl.  Joum.  ccxiii.  p.  64)  proposes  weighing  off  two  equal 
quantities  of  substance,  titrating  one  alkalimetrically,  and  adding 
to  the  solution  of  the  other  an  exactly  corresponding  quantity  of 
standard  caustic  soda,  free  from  carbonic  acid ;  now  a  quantity  of 
caustic  soda,  corresponding  to  the  monocarbonate  originally  pre- 
sent, will  be  left  over  in  the  fi^e  state,  and  can  be  estimated  by 
adding  barium  chloride,  filtering  through  a  dry  filter,  and  titrating 
an  aliquot  portion  of  the  filtrate. — ^The  only  plan  mentioned  in 
Payen's  treatise,  p.  482,  is  probably  but  little  employed,  and  not 
very  much  to  be  recommended :  5  grams  of  the  salt  are  to  be  heated 
and  the  CO^  expelled,  collected  in  a  graduated  tube  over  water 
covered  with  oil.  5  grams  of  pure  bicarbonate  at  0°  C.  and 
760  millims.  pressure  would  yield  657  cub.  centims.  of  carbonic 
acid  gas. 

Applications  of  Bicarbonate. — ^Most  of  it  is  employed,  more  in 
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America  than  in  Europe^  as  baking-powder.  It  is  also  extensively 
employed  medicinally  as  a  remedy  for  acidity  of  the  stomach  and 
calculus ;  BuUrich^s  salt  and  Tomlinson's  milk  powder  are  common 
bicarbonate ;  Seidlitz  powders  &c.  contain  it  as  an  essential  con- 
stituent ;  Ems,  Vichy,  or  soda-lozenges  are  nothing  but  this  salt 
mixed  with  sugar  and  compressed  into  small  cakes.  It  is  also  em- 
ployed for  making  effervescent  drinks  on  a  small  scale.  In  house- 
keeping it  serves  as  baking-powder,  for  taking  away  the  acidity  of 
milk  and  of  some  other  articles  of  food,  for  making  hard  water  better 
adapted  to  making  tea  and  boiling  peas  &c.  In  laboratories  it  is 
used  as  a  convenient  and  cheap  means  of  preparing  pure  sodium 
carbonate.  It  has  but  few  technical  applications  in  the  proper 
sense,  e,g,  for  gilding  and  platinizing,  sometimes  for  scouring  wool 
and  ungumming  silk,  and  for  filling  the  "  extincteurs.''  The  pro- 
posals to  employ  this  salt,  along  with  sodium  sulphide  &c.,  for 
manufacturing  alkali  have  been  described  in  another  place. 

The  Manufactubs  of  Precipitated  Sulphate  of  Lime 

(Pearl  Hardening). 

The  above-named  article  (in  Oermany  known  as  ''  annaline^')  is 
used  by  paper-makers  as  an  addition  to  half-stuff.  It  is  hydrated- 
sulphate  of  lime  in  a  peculiar  state  of  crystallization,  specially  suit- 
able for  this  purpose.  It  is  made  in  one  works  at  least  as  a  by- 
product of  the  manufacture  of  bicarbonate,  by  adding  sulphuric 
acid  to  the  calcium  chloride  solution  which  would  otherwise  nm  to 
waste.  It  contains  a  little  free  hydrochloric  acid,  and  therefore  is 
first  completely  neutralized  by  slaked  lime,  a  slight  excess  of  which 
does  no  harm.  The  muddy  liquor  is  cleared  by  settling,  and^  in  a 
wooden  tank  lined  with  gutta  percha,  diluted  to  15^  Tw.  Its 
volume  is  gauged  here,  and  an  exactly  equivalent  quantity  of  sul- 
phuric acid  of  46°  Tw.  run  in  from  another  gauged  tank.  The  two 
liquids  are  well  mixed ;  calcium  sulphate  falls  down  at  once ;  and 
the  whole  is  run  through  a  plug-hole  onto  the  filters.  These  are 
also  made  of  wood  and  lined  with  gutta  percha,  with  a  boat-shaped 
bottom.  On  this  'some  bearers  are  laid,  reaching  up  to  the  straight 
part  of  the  vessel;  across  these  1-inch  laths,  a  quarter  of  an  inch 
apart,  form  a  grating,  which  is  covered  by  a  piece  of  calico,  kept 
down  at  the  edges  by  strong  laths.  These  filters  work  well,  and 
need  not  be  cleaned  out  very  frequently ;  the  liquor  runs  away  from 
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them  through  a  gutta-percha  pipe ;  and  in  two  hours  they  are  dry. 
The  precipitate  is  then  washed  for  three  hours  with  clear,  filtered 
lime-water,  without  stirring  it  up.  These  washings  run  into  the 
limestone  cisterns  along  with  the  other  weak  acid.  The  washed 
mass  is  taken  out,  put  into  canvas  bags,  and  pressed  in  cylindrical 
presses,  which  are  lined  with  brass  fluted  lengthways  for  the  better 
running-off  of  the  liquor.  The  pressing  is  done  by  manual  labour. 
The  pressed  cake  is  cut  up  into  square  pieces  and  sent  into  the 
trade ;  the  substance  in  this  state  still  contains  40  per  cent,  of  water. 
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CHAPTER  XII. 

YIELD  AND  COSTS. 

The  yield  in  alkali-making  is  very  much  below  that  required  by 
theory.  100  parts  of  pure  NagS04  ought  to  yield  74'65  pure 
NajCOs  or  43*66  NagO.  Even  96-per-cent.  sulphate  ought  stiU  to 
yield  71'66  per  cent,  pure  Na^COs  or  41*91  per  cent,  available  soda. 
But  the  highest  actual  yield  of  the  best  English  works  (if  none  but 
statements  of  a  thoroughly  trustworthy  character  be  accepted) 
from  96-per-cent.  sulphate  very  rarely  exceeds  69  to  70  per  cent, 
of  52-per-cent.  soda  ash — that  is^  35*88  to  86*40  Na^O^  instead 
of  41*91.  Even  in  factories  working  with  revolving  furnaces  and 
obtaining  very  strong  alkali^  the  author  knows  of  no  higher  maxi- 
mum than  36*5  NajO.  This  was  but  rarely  reached ;  and  neigh- 
bouring managers  attributed  it  to  giving  "  very  good  weight "  of 
sulphate  in  the  balls.  On  the  other  hand^  he  knows  of  cases  where 
only  65  parts  of  51-per-cent.  ash  were  obtained, =33*15  Na,0.  The 
best  of  these  cases  represents  a  loss  of  12*2  per  cent,  of  the  soda ; 
the  worst,  one  of  20*9.  A  yield  of  35*8  parts  of  available  soda 
from  96-per-cent.  sulphate,  i.  c.  85*7  per  cent,  of  the  possible  soda, 
or  a  loss  of  14*3  per  cent.,  must  be  called  a  very  good  average 
result  for  English  factories ;  it  is  equal  to  69  parts  of  52-per-ceDt. 
ash.  Some  manufacturers  deceive  themselves  by  making  out 
higher  yields,  without  checking  how  much  less  the  sulphate  weighs 
than  it  ought ;  for  it  is  one  of  the  most  usual  "  dodges ''  of  fore- 
men to  give  a  little  extra  weight  of  sulphate  for  each  baU,  so  as 
to  make  a  show  of  a  good  yield.  Hill  (Chem.  News,  xxx.  p.  37) 
states  it  as  a  not  unusual  case  that  2  to  6  per  cent,  sulphate  over 
and  above  the  nominal  quantity  is  balled ;  and  the  author  has 
personal  knowledge  of  some  cases  of  this  kind.    One  of  the  best- 


YIELD  AND  COSTS.  579 

managed  and  most  recently  erected  English  works  has  an  average 
yield  on  the  sulphate  of  73*5  per  cent.^  calculated  as  48-per-cent. 
ash,  equal  to  35*28  per  cent.  Na,0,  or  15*8  per  cent.  loss.  This 
was  the  quantity  as  weighed  into  the  warehouse ;  bufc  a  further  loss 
of  2|  per  cent,  of  the  total  weight  came  out  on  adding  up  the  in- 
voice weights  and  deducting  the  salt  added  for  reducing  the  ash. 
A  portion  (about  1  per  cent.)  of  this  last  loss  is  accounted  for  by 
the  trade  custom  of  not  paying  for  or  invoicing  the  fractions  of 
degrees  above  the  integral  numbers ;  the  remaining  loss  is  attri- 
butable to  loss  in  grinding  and  the  inevitable  differences  between 
weighing  into  and  out  of  stock.  A  few  years  later  the  same  works 
got  up  to  73-9  per  cent,  of  48-per-cent.  ash,  =  85-47  per  cent, 
of  Na^O  (=14*9  per  cent.  loss).  This  is  the  yield  on  the  sulphate, 
that  on  the  salt  was  81*35  per  cent.  One  of  the  best-managed 
Lancajshire  works  obtains  71  per  cent,  on  the  sulphate,  calculated 
into  50-per-cent.  ash  (actually  as  52-58-per-cent.  ash) ;  this  is  equal 
to  35*5  per  cent.  Na^O,  or  almost  exactly  the  same  as  the  last.  By 
the  Pechiney-Weldon  process  a  yield  of  78*68  per  cent,  of  48- 
per-cent.  ash  (Liverpool  test)  on  the  sulphate  is  obtained. 

According  to  Landolt  (Hofmann's  Bericht,  1875,  i.  p.  422),  the 
average  yield  of  NajCOs  in  German  works,  on  pure  sidphate,  is  64 
per  cent.,  which  equals  37*43  per  cent.  Na^O,  or,  calculated  on 
96-per-cent.  sulphate,  35*9  per  cent.,  which  is  rather  more  than 
the  above-quoted  English  figures.  But  this  estimate  is  above  the 
truth,  judging  from  the  following  figures,  supplied  to  me  by  Mr. 
Schaffner,  of  the  Aussig  works  (than  whom  probably  no  other 
continental  manufacturer  will  do  better),  based  on  the  very  pure 
salt  from  Neu-Stassfurt,  which  tests  regularly  99  per  cent,  of  real 
Naa  :— 

100  salt  yield      ....  120  sulphate. 

100  sulphate  yield    ...  150  black  ash. ' 

100  soda  ash  (53°)  require  214     „       „ 

100  „        „  „  142*6  sulphate. 

100  „        „  „  118-8  salt. 

100  sulphate  yield    ...  70  soda  ash,  53''.  . 

100        „  „       ...  63  pure  sodium  carbonate. 

The  statements  of  Mactear  [infrh,  pp.  583,  584)  should  also  be  com- 
pared here. 

2pS^ 
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The  causes  of  this  coDsiderable  loss^as  compared  with  the  theoreti- 
cally possible  results^  are  very  numerous,  and  have  been  discussed  by 
Hargreaves  (Chem.  News,  xv.  p.  219),  Wright  (/.  c.  xv.  p.  259), 
Mactear  (/.  c,  xxv.  p.  54),  and  especially,  with  positive  experi- 
ments, by  Scheurer-Kestner  (Compt.  Bend.  Ixx.  p.  1352,  Ixxv. 
p.  1184).     They  may  be  reduced  to  the  following  points  : — 

1.  Mechanical  carrying-away  of  salts  into  the  flues  and  the 
chimney.  This  is  proved  by  the  presence  of  sulphate  in  the  flues 
both  of  the  black-ash  and  the  carbonating  furnaces. 

2.  Volatilization  of  sodium  compounds.  Wright  estimates  this  loss 
at  1' 14  per  cent,  of  the  total  sodium  (probably  inclusive  of  No.  1). 
It  will  be  so  much  the  higher  the  hotter  the  furnace  goes ;  and 
for  this  reason  alone  the  men  ought  not  to  be  allowed  to  work  at 
a  greater  heat  than  necessary.  It  is  not  possible  that  the  tempe- 
rature of  the  furnace  should  usually  be  above  the  point  of  volati- 
lization of  sodium  carbonate  and  sulphate ;  but  by  a  rapid  current 
of  hot  gas  they  might  be  volatilized  in  the  melted  state  below  their 
boiling-point,  similarly  to  water.  Scheurer-Kestner  has  examined 
this  point  more  closely.  He  rejects  the  assumption  of  several 
chemists  (Unger,  Stromeyer,  and  others)  that  metallic  sodium  is 
volatilized  in  the  black-ash  furnace,  an  assumption  which  has 
now  become  entirely  untenable  by  F.  Fischer's  analyses  of  the 
gases  from  black-ash  furnaces  (Deutsch.  chem.  Ges.  ix.  p.  1559), 
in  which  he  always  found  an  excess  of  oxygen.  Usiglio,  in  exact 
experiments  at  the  Chauny  works,  coiild  trace  the  whole  of  the 
sulphur  in  the  products;  and  error,  he  thinks,  was  all  the  more 
effectually  excluded,  as  calcium  and  sulphur  could  equally  be  com- 
pletely traced.  On  the  other  hand,  Stohmann  (Stohmann-Kerl's 
Techn.  Chemie,  v.  p.  353),  in  exact  experiments,  out  of  100  parts 
of  sulphate  balled  in  hand-furnaces  could  only  trace  97*72,  and  if 
balled  in  revolving  fiirnaces  9953  in  the  products.  That  a  certain 
loss  always  takes  place  in  the  black-ash  furnace  is  positively  proved 
by  the  flue-dust  (which  often  contains  from  50  to  60  per  cent,  of 
sodium  sulphate),  by  the  contamination  of  the  liquor  when  boiled 
down  with  top  heat,  by  the  glazing  of  the  furnace-bricks,  &c. 
Hence  Wright's  and  Stohmann's  statements  seem  to  deserve  more 
credit  than  those  of  Usiglio,  quoted  by  Scheurer-Kestner,  accord- 
ing to  which  every  kilogram  of  the  sulphate  charged  is  recovered 
in  the  black  ash. 

3.  By  combination  of  soda  with  the  materials  of  the  furnace. 
The  furnace-bottom,  especially,  absorbs  soda ;  this,  however,  in  the 
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course  of  the  year  does  not  amount  to  a  large  fraction  per  cent. 
More  is  lost  if  fluxed  black  ash  is  allowed  to  run  through  the  fire- 
bridge into  the  ash-pit. 

4.  Incomplete  conversion  of  sodium  carbonate  into  sulphate.  This 
loss  varies  very  much,  according  to  the  way  in  which  the  balling 
process  is  carried  out.  Hargreaves  estimates  it  at  a  minimum  of 
2' 19,  or  a  maximum  of  9*22  per  cent,  of  the  sulphate  ;  Wright  at 
8'49  per  cent.,  Mactear  at  1*53  per  cent.  With  cylinder  furnaces 
it  is  mostly  below  1  per  cent.  Too  small  an  amount  of  coals  or  chalk, 
too  much  or  too  little  heat,  and  bad  work  especially,  raise  this  loss. 

5.  The  formation  of  insoluble  sodium  compounds.  It  was  known 
long  since  that  the  more  ash  is  contained  in  the  mixing-coal  the 
less  alkali  is  obtained — ^insoluble  double  silicates  of  sodium,  alu- 
minium, and  calcium  being  formed.  To  this  the  bricks  of  the 
furnace  contribute,  as  well  as  the  (slight)  percentage  of  alumina 
and  silicate  in  the  sulphate  and  the  limestone.  Wright  estimates 
the  loss  from  this  source  at  5*44  per  cent,  of  the  soda.  But  the 
principal  researches  on  this  point  we  owe  to  Scheurer-Eestner. 
He  first  proved  distinctly  that  the  principal  cause  of  the  formation 
of  insoluble  sodium  compounds  is  the  limestone,  of  which  in  ordi- 
nary black-ash  furnaces  much  more  than  an  equivalent  is  used. 
In  a  series  of  comparative  experiments  with  the  same  charging- 
materials,  he  found  that,  on  employing  for  100  Na3S04  only  95 
CaCOg,  the  tank-waste  contained  firom  0*35  to  0*41,  on  the  average 
0-89  Na,  but  with 

98  parts  of  limestone  0*59  per  cent.  Na.. 

102  „  „  0-86 

•        107-5        „  „  1-27 

111  „  „  1-30 

112  „  „  1-36 

Hence  the  quantity  of  the  sodium  remaining  in  the  tank-waste 
increases  proportionately  to  the  limestone  employed;  and  it  is 
hardly  possible  to  assume  any  thing  else  but  the  formation  of  an 
insoluble  double  carbonate  of  calcium  and  sodium,  along  with 
silicates.     Scheurer-Kestner  further  proved  that  it  is  especially  the 
calcium    hydrate  that  retains  considerable    quantities  of  sodium 
carbonate  (in  direct  experiments  4"95  and  4'75  per  cent.),  whilst  it 
acts  very  little  on  caustic  soda.     It  thus  appears  as  if  the  lime  on 
dissolving,  when  passing  over  into  hydrate  and  acting  on  the  dis- 
solved sodium  carbonate^  converted  a  certain  quantity  of  the  latter 
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into  an  insoluble  substance.  This  opinion  of  Scheurer-Kestner's  is 
confirmed  by  the  fact  that  a  similar  loss  of  insoluble  soda  is  noticed 
on  causticizing  soda  by  quicklime^  aud  also  by  the  fact  that  in 
Mactear^s  cylinder-process  (p.  419),  where  only  the  theoretical 
quantity  of  limestone  is  added,  less  insoluble  soda  is  found  in  the 
residue.  It  must  not  be  forgotten  that,  according  to  experiments 
by  E.  Kopp,  Stromeyer,  and  the  author,  a  portion  of  the  sodium 
in  the  tank- waste  is  in  the  state  of  an  insoluble  ferro-sodium  sul- 
phide ;  this  will  increase  with  the  iron  contained  in  the  mixing- 
materials. 

6.  Incomplete  liviviaiion  of  black  ash.  Even  of  the  sodium- 
salt  present  in  a  soluble  form  a  portion  is  always  left  behind  in  the 
tank- waste  (p.  479).  In  the  best  case  the  soluble  Na^O  amounts 
to  0*1  per  cent,  of  the  weight  of  the  waste,  i.  e.  about  0*45  percent, 
of  the  whole  available  soda  present ;  but  with  bad  lixiviation  this 
amount  is  increased  ten-  or  fiffceenfold;  in  Lancashire,  where  the 
lixiviation  is  frequently  not  as  good  as  it  ought  to  be,  Wright  esti- 
mates it  at  3*61,  Mactear  at  2  or  3,  per  cent,  of  the  soda.  Varia- 
tions will  be  produced  by  the  quality  of  the  black  ash  and  by  its 
treatment  in  lixiviation.  We  have  previously  seen  what  influence 
the  porosity  of  the  black  ash  has  upon  the  lixiviation,  and  that  the 
increased  employment  of  revolving  furnaces  has  long  been  retarded 
by  the  insufi&cient  porosity  of  the  balls  made  in  them.  Scheurer- 
Kestner  found  that  of  two  sets  of  balls,  which  after  grinding  up  left 
an  almost  precisely  equal  amount  of  soda  in  the  waste,  in  actual 
manufacture  (i.  e.  without  grinding)  one  (the  more  porous  descrip- 
tion) left  27  per  cent,  less  soda  in  the  waste  than  the  other  (the 
dense  one).  Stohmann  (/.  c.)  found  the  loss  from  this  and  the 
previous  source  together =8'61  per  cent,  for  hand-furnaces,  4*  14  per 
cent,  for  revolvers,  of  the  total  soda. 

7.  Formation  of  other  sodium  compounds  not  subsequently  con- 
verted into  carbonate  J  especially  sulphide,  cyanide,  sulphocyanide, 
ferrocyanide.     Much  more  important  than  this  is  the 

8.  Re-formation  of  other  sodium  compounds  during  the  keeping  of 
the  black  ash  or  during  lim^viation.  We  have  seen,  in  the  7th 
Chapter,  that  by  the  influence  of  the  atmospheric  oxygen,  and  also 
by  the  mediation  of  ferric  oxide,  the  calcium  sulphide  is  oxidized 
and  calcium  sulphhydrate,  polysulphide,  hyposulphite,  sulphite,  and 
sulphate  are  formed,  all  of  which  on  lixiviation  decompose  each  its 
equivalent  of  sodium  carbonate.    This  takes  place  especially  when 
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the  partially  lixiviated  black  ash  in  the  tanks  is  exposed  to  the  air 
in  the  damp  state.  We  have  also  said  what  is  necessary  on  the 
influence  of  temperature^  the  duration  of  the  lixiviating  process^ 
&c.  This  explains  why  the  8  or  4  per  cent,  of  sulphate  which 
soda  ash  should  contain  at  most  according  to  the  laboratory  test 
of  black  ash^  in  practice  (except  with  cylinder  furnaces)  mounts 
up  to  7  or  8^  sometimes  to  10  or  11  per  cent.  The  loss  from  this 
source  is  stated  by  Mactear  at  2*68  per  cent.^  as  the  average  of  a 
series  of  experiments. 

9.  Action  of  the  lixiviating  water.  This  loss  is  not  usually  men- 
tioned ;  but  it  is  very  considerable  if  the  water  contains  much  earthy 
or  metallic  sulphates  and  carbonates^  each  of  which  decomposes  its 
equivalent  of  sodium  carbonate.  From  this  cause  some  works  can- 
not use  their  well-water  or  river- water,  but  must  obtain  water  from 
a  distance  through  pipes.  And  of  course  the  water  should  not  con- 
tain any  acid  or  acid  salt  from  the  condensation  of  hydrochloric 
acid  or  the  manufacture  of  chlorine. 

10.  The  loss  by  leakage  of  liquor  from  tanks,  pipes,  spouts,  &;c., 
and  by  mechanical  spilling  and  the  blowing-away  of  solid  products, 
cannot  be  considered  general,  as  of  course  it  can  be  greatly  reduced 
by  sufficient  care  and  cleanliness. 

Mactear  gives  the  following  quantitative  results : — 

1.  Results  of  seven  years'  work  of  a  large,  well-managed  works  on 
the  Tyne,  decomposing  26,000  tons  of  salt  per  annum,  but 
suffering  loss  through  the  impurity  of  the  Tyne  water  : 

Obtained  as  available  soda 84*54 

Loss  as  neutral  salts    7*26 

„    in  process 8*20 

15-46 


10000 

2.  Actual  experiment  with  one  furnace  : 

Available  soda 86*98 

Loss  as  neutral  salts    5*80 

„     in  waste    6*96 

„    mechanically  &c 0*81 

- —       1807 

100  00 
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3.  Another  actual  experiment,  most  carefully  conducted  and  under 

favourable  circumstances : 

Available  soda 89*87 

Loss  as  sodium  sulphide 2*81 

„    as  other  neutral  salts 1*65 

4-46 

J  J    in  wash,  insoluble 2'20 

„  „       soluble 2-20 

4-40 

„    in  experiment    1*27 

1013 

10000 

4.  Actual  experiment,  embracing  one  yearns  work : 

100  salt  yielded  86-318  parts  of  ash  of  48  per 

cent,  available  soda 85*91 

Loss  as  neutral  salts :  sulphate  ...     5 '22 

common  salt   2'90 

812 

Loss  in  waste  &c 5*97 

1409 

10000 

In  these  experiments  the  loss  of  undecomposed  sodium  chloride 
is  included,  which  Mactear. estimates  at  less  than  2  per  cent. 

Cost  Accounts. 

Gossage  (^  A  History  of  the  Soda  Manufacture,^  p.  21)  states 
the  cost  of  producing  a  ton  of  soda  ash,  as  far  as  the  raw  materials 
are  concerned,  as  follows : — 

£    s,    d, 
1 J  ton  of  Irish  pyrites    ...     1  15     0 

1  cwt.  nitrate  of  soda 0  12    0 

litonofsalt 0  10    0 

li  ton  of  limestone 0  10    0 

3i  tons  of  coals    110 


• 


£4    8    0 
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This  refers  to  Lancashire  prices  in  1861,  and  is  irrespective  of 
wages,  repairs,  packages,  interest  on  capital,  and  so  forth. 

Stevenson  and  Williamson  (Richardson  and  Watts,  Chem. 
Technol.  iii.  p.  318)  state  the  cost  of  a  ton  of  refined  alkali  of 
48  per  cent,  in  1860  as  foUows : — 

cwt.  qr.  lb.  £  s,    d,  £  s,    d. 

6     1    9  sulphur   at    7  17    9    per  ton    2  10    7J 


If 


13    5    2» 


tt 


0  IG    3| 
„     0    1    6J 


If 


0    2  lit 


fi 


II 


II 


If 


0  7  7i 
0  19  2^ 
0    2    5i 

0  9  11 

1  10    2 


0    2    8  nitrate  of  soda    

23    2    1  salt 

33    0  10  chalk  (with  20  per  cent,  water) 

67    2    7  coal 

Wages     

Eepairs   0  17    li 

Interest  on  capital     0    6    4^- 

Ezpenses  of  management,  rates,  taxes,  insurance,  &c 0    5    8^ 

General  stores    0    2    0| 

Casks  0  10    0 


Net  cost  free  on  board  ship  in  the  Tjne 8    12] 

'*'  Net  cost  after  allowing  for  the  value  of  the  resulting  sulphate. 


It  will  be  noticed  that  the  values  of  sulphur  (employed  as  brim- 
stone) and  nitrate  of  soda  were  much  higher  than  now ;  salt  has 
not  changed  much  in  price  ;  but  chalk,  wages,  &;c.  are  much 
higher  now. 

Chandelon  (Monit,  scient.  1864,  p.  52)  gives  the  following  com- 
parative account  of  the  cost  (somewhat  purposely  exaggerated  both 
in  an  upward  and  a  downward  direction)  of  a  ton  (1000  kilog.)  of 
52-per-cent.  soda  ash  for  England  and  Belgium  in  1863,  on  the 
basis  of  the  cost  of  sulphate  quoted  at  p.  161 : — 

a.  Cost  in  England, 

francs.  francs. 

1600  kilog.  sulphate at  62  97  94-61 

1550      „      limestone    775  10'97 

2250      „      coals    493  1107 

37i    „     coke 13-53  042 

Wages 13-74 

130*71 
Bepairs    4*93 

Packages 10*45 

General  costs 9*23 

24-61 

155-32 
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(A  comparison  of  Chandelon's  figures  with  those  of  Stevenson 
and  Gossage^  valid  for  the  same  period^  proves  the  former  to  be  far 
too  low.) 

b.  Cost  in  Belgium. 

francs.  francs. 

1669  kilog.  sulphate   at  10626  177*34 

1920     „     limestone 160  3-07 

4020     „     coal 9-65  3878 

Lighting  1-08 

Wages 29-81 

250-08 

Repairs 1231 

General  costs 7*72 

Packages   12 

3203 


28211 


In  another  Belgian  works  100  kilog.  of  soda  ash^  without  gene- 
ral costs^  repairs^  and  casks^  came  to  245*79  francs. 

In  1873  the  cost^  at  a  medium-sized  Tyneside  works^  of 
1000  kilog.  of  soda  ash  amounted  to : — 

Prices  of  1873.  Prices  of  1876. 

£   8,    d.  £   8,    d.  £   8,    d.       £   8.  d. 

850  kilog.  pyrites  (48  p.  c.)...  at  1    5    0  113  at  0  18    0       0  15    4 

16      „      nitrate  16    0    0*  0    5    1  10  10    0»      0    3    4 

1250     „     salt 160  111    3  0  16    0        100 

1750      „      chalk 036  062'  026        044 

3000     ,,     coals  and  coke 0  12    6t  2    2    0  0    5    6t      0  16    6 

Casks 0  13    0  0  11     0 

Wages   1  16    0  1  15    0 

Repairs' 0  15    0  0  12    0 

Stores    0    2    0  0    2    0 

Management,  rates,  taxes,  insurance 0    6    0  0    6    0 

.Cost  of  1000  kilog.  (say  1  ton)  8  16    9  6    5    6 

*  Price  less  value  of  residue. 

t  Average  price,  taking  in  the  higher  value  of  coke  and  mixing-coaU  pro  raid  of 
their  quantity. 

The  quantity  of  coals  in  this  account  refers  to  a  good  quality 
and  somewhat  careful  work ;  but  in  large  works^  where  the  super- 
vision cannot  be  so  minute^  the  consumption  is  often  higher — e.  g, 
in  one  instance  on  the  Tyne^  2932  parts  of  coals  and  310  coke  per 
1000  ash  as  it  comes  from  the  furnaces^  inclusive  of  offices^  loco- 
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motives,  cranes,  &c.    In  badly  managed  factories  and  with  inferior 
coal  the  consumption  often  rises  to  five  times  the  yield  of  ash. 

On  the  basis  of  the  cost  of  sulphate  found  at  p.  165,  the  actual 
cost  of  1000  tons  of  52-per-cent.  hand-made  ash  in  the  north  of 
England  in  the  last  quarter  of  1875  was  : — 

£  i.   d,  £     8,  d, 

1466  tons  sulpliate    at  2    9    0  359114  0 

1730     „    chalk 0    5    0*  432  10  0 

1811     „    flring-coala  0    5    0  462  16  0 

733     „    mixing-coals 0    6    0  219  18  0 

Wages 1240    0  0 

Eepairs  407  10  0 

Eemoyal  of  tank-waste  t  137  10  0 

Casks  and  carriage  free  on  board     600    0  0 

Genenil  expenses  1 450    0  0 

1000  tons  of  52-per-cent  ash   753117    0 

1  ton  -        „  7  10    6} 

*  Ohalk  was  then  abnormally  dear,  owing  to  stormy  weather ;  but  its  price  has  been 
left  at  the  aboye  figure  because  it  more  nearly  equals  the  usual  price  for  limestone. 

t  The  waste  was  sent  to  sea  in  hoppers. 

I  Include  all  selling-commissigns  and  other  business  expenses  &0m  hut  not  interest 
on  capital  or  writing-off  on  plant. 

The  following  calculation  of  a  French  works  (in  1878)  for 
1000  kilog.  soda  ash  of  80-85°  Descr.  (of  which  4°  are  present  in 
the  caustic  state)  has  been  obtained  by  the  author  : — 

kilog. 

Sea-salt 1360 

Pyrites,  40-45  per  cent 1375 

Nitrate  of  soda  40 

Limestone  1756*8 

Coals  3680-20 

Coke   50 
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CHAPTER  XIII. 


CAUSTIC  SODA. 

Sodium  forms  with  oxygen  seyeral  oxides^  of  which  onlyNa^O  has 
any  technical  importance.  It  cannot  be  made  directly  in  the  pure 
state  from  its  elements^  but  only  by  combining  sodium  with  the 
peroxide  formed  by  the  burning  of  sodium  in  the  air.  Brought 
into  contact  with  water  it  is  transformed^  with  copious  evolution 
of  heat^  into  sodium  hydrate  (caustic  soda).  This  is  a  white^ 
opaque^  brittle  mass  of  fibrous  structure  and  specific  gravity  2'00 
to  2*13 ;  it  melts  below  and  slowly  volatilizes  above  a  red  heat. 
According  to  Deville,  in  the  melting-heat  of  cast-iron  it  splits  up 
into  sodium^  hydrogen,  and  oxygen.  A  hydrate  (2  NaOH,  7Hfi) 
can  also  be  prepared,  as  we  shall  see  further  on.  In  moist  air 
caustic  soda  deliquesces,  and  is  afterwards  transformed  into  carbo- 
nate. According  to  Bineau,  to  dissolve  1  part  NajO  (as  NaOH) 
0*47  part  of  water  is  required.  According  to  Osann,  100  parts  of 
water  dissolve  at 

18°  82°  55°  70®  88°  O. 

60-53        72-91         10000        11675         12702  parts  NaOH. 

Caustic  soda  is  also  readily  soluble  in  alcohol.  A  solution  of 
soda  of  speci.fic  gravity  1*500  (36  per  cent.  Na^O)  boils,  according 
to  Dalton,  at  180°  C.  The  freezing-point  of  caustic  lye  is  lowered 
by  0^-509  C.  for  each  gram  of  the  hydrate  (2  NaO,  3  HjO)  per  100 
grams  water  (Riidorfi) . 
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Specific  Gravity  of  Caustic-Soda  Solution  at  15°  C, 
(Gerlach,  Zeitsch.  anal.  Cham.  viii.  p.  279.) 


Percentage 

of  the 

solution. 

Of  Na^O. 

Of  NaOH. 

Percentage 

of  the 

solution. 

Of  Na^O. 

Of  NaOH. 

1 

1-015 

1-020 

l-0i3 

1058 

1-074 

1-089 

1-104 

1119 

1-132 

1-145 

1-160 

1175 

1-190 

1-203 

1-219 

1-233 

1-245 

1-258 

1-270 

1-285 

1-300 

1-315 

1-329 

1-341 

1356 

1-369 

1-381 

1-395 

1-410' 

1-422 

1-012 

1-023 

1035 

1-046 

1-059 

1-070 

1-081 

1-092 

1103 

1116 

1126 

1-137 

1-148 

1-159 

1-170 

1-181 

1192 

1-202 

1-213 

1-225 

1-236 

1-247 

1-258 

1-269 

1.279 

1-290 

1-300 

1-310 

1-321 

1-332 

31 

32. 

1-438 

1-460 

1-462 

1-475 

1-488 

1-500 

1-515 

1-630 

1-543 

1-558 

1-570 

1-683 

1-597 

1-610 

1-623 

1-637 

1-650 

1-663 

1-678 

1-690 

1-705 

1-719 

1-730 

1-746 

1-760 

1-770 

1-785 

1-800 

1-815 

1-830 

1-343 
1-351 
1-363 
1-374 
1-384 
1-395 
.     1-406 
1-416 
1-426 
1-437 
1-447 
1-466 
1-468 
1-478 
1-488 
1-499 
1-508 
1-519 
1-629 
1-540 
1-650 
1-560 
1-570 
1-580 
1-591 
1-601 
1-611 
1-622 
1-633 
1-643 

2 

3 

33 

34 

4 

6 

35 

6 

36 

7 

37 

8 

38 

9 

39 

10. 

40 

11 

41 

12 

42 

13 

43. 

14 

44 

15 

45. 

16 

46 

17 

47 

18 

48 

19 

49 

20 

60 

21 

51 

22. 

62 

23 

63 

24 

64 

26 

56 

26 

66 

27 

57 

28 

58 

29 

59 

30 

60 

The  hydrometer,  of  course,  can  only  be  employed  for  testing 
pure  liquors ;  those  which  contain  other  salts  must  be  tested  alka- 
limetrically.  In  the  latter  case  sodium  carbonate,  silicate,  and 
aluminate  are  equally  reckoned  as  carbonate,  unless  tbey  are  sepa- 
rately estimated.  This  is  usually  done  only  with  carbonate,  espe- 
cially in  the  case  of  solid  caustic.  It  is  best  estimated  by 
dissolving  a  weighed  quantity  of  caustic,  adding  barium  chloride, 
filtering,  washing  the  BaCOs  with  hot  water  and  exclusion  of  air, 
and  titrating  the  precipitate  with  normal  hydrochloric  acid. 

The  presence  of  chloride  and  sulphate  is  proved  by  the  ordinary 
reagents,  that  of  iron  also  by  the  colour,  that  of  sulphide  &c. 
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in  the  same  way  as  in  the  case  of  soda  ash^  to  which  we  must  refer 
the  reader. 

Chemically  pure  caustic  soda  is  made  from  sodium  by  the 
Magnesium-Metal  Company  at  Manchester^  for  analytical  purposes 
(Dingl.  Joum.  clxxxyi.  p.  308).  A  drop  of  water  is  put  into  a 
hemispherical  silver  dish  of  about  18  litres  capacity ;  a  block  of 
sodium  is  cut  into  square  pieces  of  1^  inch  side^  and  one  of  thes^ 
laid  on  the  drop  of  water.  The  dish^  which  is  cooled  on  the  out- 
side by  a  stream  of  cold  water^  is  turned  round  by  hand  and  shaken 
so  as  to  offer  a  large  cool  surface  to  the  deliquescing  sodium  and 
to  prevent  an  explosion.  A  milky  mass  is  thus  produced^  to  which 
fresh  pieces  of  sodium  and  drops  of  water  are  gradually  added, 
with  constant  agitation  of  the  silver  dish,  till  several  pounds  of  the 
metal  have  been  used.  There  remains  a  stiff  residue,  only  covered 
by  a  few  drops  of  a  milky  liquor.  It  is  heated  to  redness  on  a 
gas-furnace  till  the  water  is  driven  off;  and  the  melted  sodium 
hydrate  is  poured  into  moulds. 

The  sodium  itself  is  made  in  Manchester  by  the  process  of 
Deville  (Ann.  Chim.  Phys.,  Avril  1856),  in  wrought-iron  retorts, 
protected  against  the  destructive  action  of  many  hours^  white  heat 
by  outer  tubes  of  plumbago ;  the  latter  remain  in  the  furnace  till 
they  are  used  up ;  and  as  they  reach  right  through  its  sides,  the 
retorts  can  be  easily  exchanged.  These  are  wrought-iron  tubes 
(cast-iron  would  melt)  of  3  feet  6  inches  length  and  5  inches 
diameter,  closed  at  the  ends  by  wrought-iron  plugs  luted  with 
fireclay ;  one  of  these  contains  the  tube  for  conveying  the  vapour 
into  the  receiver.  Each  retort  holds  about  30  lb.  of  the  mixture 
of  coal,  coke,  chalk,  and  dry  sodium  carbonate,  which  are  each  by 
itself  most  finely  ground,  mixed  up,  and  ground  again.  Deville's 
prescription  is  30  sodium  carbonate,  13  coal,  5  chalk.  On  lieating, 
first  carbon  monoxide  and  hydrocarbons  escape  and  issue  from  the 
retort,  and  afterwards  sodium  vapours  make  their  appearance.  In 
fig.  244,  A  is  the  plumbago  jacket,  B  the  wrought-iron  retort,  D 
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the  gas-tube^  E  the  condenser.  The  latter  is  flat^  like  a  book^ 
9  inches  long^  5  inches  broad^  and  1  inch  thick.  At  the  end 
opposite  to  the  furnace  it  has  two  slits^  one  above  the  other^  f  inch 
wide  and  1  inch  high,  occupying  the  whole  internal  width  of  the 
vessel.  The  neck  of  the  retort  and  the  condenser  are  ground  to 
fit  each  other,  and  connected  without  cement.  During  the  opera- 
tion a  current  of  gas  a  yard  in  length  issues  from  the  upper  slit 
and  bums ;  the  sodium  vapour  condenses  in  the  receiver;  but  the 
sodium  remains  in  the  liquid  state  and  runs  off  in  drops  into  the 
vessel  F,  filled  with  a  hydrocarbon  which  ignites  only  at  a  high 
temperature.  Lastly,  the  distilled  sodium  is  fused  under  oil,  and 
poured  into  square  blocks ;  it  is  sold  at  5^.  per  lb.  (At  Salindres 
from  9  kil.  sodium  carbonate  1  kil.  of  sodium  is  obtained,  which 
costs  11*32  francs  per  kilog.).  The  operation  lasts  six  or  eight 
hours,  and  requires  a  full  white  heat.  Each  furnace  contains 
three  retorts,  and  is  attended  by  one  man  and  three  boys;  the 
latter  have  especially  to  take  care  that  the  receivers  do  not  get 
stopped  up,  by  cleaning  them  through  the  slits  with  red-hot  iron 
wires.  In  spite  of  this  the  receivers  have  to  be  frequently  ex- 
changed, sometimes  after  only  20  minutes,  in  order  to  be  cleaned* 
For  this  purpose  they  are  dipped  into  water,  the  side  plates  are 
unscrewed,  cleaned,  and  put  together  again.  In  this  way  4  or  5 
cwt.  of  sodium  per  week  is  made;  and  this  is  employed  in  che- 
mical laboratories  for  preparing  pure  caustic,  and  for  manufacturing 
magnesium,  aluminium,  and  sodium  amalgam  (for  the  extraction 
of  gold) . 

Cattstic  Soda. 

By  this  name  (or  "  caustic  '^  only)  is  understood  a  commercial 
product  consisting  entirely  or  principally  of  sodium  hydrate. 
There  is  also  a  trade  in  caiMtic  liquor,  which  is  sent  out  in  carboys 
and  is  of  very  varying  strength ;  but,  for  easily  intelligible  reasons, 
this  article  could  never  have  an  extended  sale ;  the  cost  of  packing 
and  carriage  even  for  short  distances  raises  its  price  so  much  that 
consumers  nearly  always  prefer  preparing  it  for  themselves  from 
soda  ash  and  lime.  This  is  done  by  soap-makers^  bleachers, 
paper-makers,  and  other  consumers  of  caustic  liquor.  We  have 
the  less  need  to  enter  into  a  description  of  the  manufacture  of 
caustic  liquor  as  a  commercial  product,  as  it  is  the  first  stage  in  the 
manufacture  of  solid  caustic,  to  which  we  now  pass. 
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The  manufacture  of  caustic  from  red  liquors  by  means  of  lead 
sulphate  at  Dieuze  has  been  mentioned  on  p.  489.  In  the  Chapter 
treating  of  the  yarious  proposals  for  manufacturing  soda  we  have, 
for  the  sake  of  connexion^  enumerated  also  all  those  referring  to 
a  direct  preparation  of  caustic  soda  otherwise  than  by  causticizing 
sodium  carbonate  with  lime ;  and  to  that  Chapter  (the  third)  we 
refer  the  reader. 

TJie  manufacture  of  solid  caustic^  originally  introduced  by  a 
German  of  the  name  of  Weissenfeld,  has  been  entirely  developed 
in  England.  It  is  usually  stated  (according  to  Hofinann's  Report 
of  1862^  p.  27)  that  the  origin  of  the  process  now  employed  dates 
from  1851 ;  but  already  on  February  20th^  1845,  George  Brown, 
one  of  the  partners  in  Messrs.  Tennants  &  Co.,  took  out  a  patent 
in  which  it  is  stated  that  the  solution  of  black  ash  is  to  be  con- 
centrated till  four  fifths  of  the  salt  are  precipitated,  and  then 
allowed  to  stand  for  some  time,  till  the  red  liquor  is  drained  off  ; 
this  is  to  be  boiled  down  to  the  consistency  of  tar ;  a  sufficient 
quantity  of  sodium  nitrate  is  to  be  added,  and  heat  applied  till  the 
remaining  water  has  been  driven  off  and  the  mass  has  been  brought 
into  igneous  fusion.  Mactear  (Report,  p.  29)  has  shown  that 
this  was  not  the  invention  of  Brown,  but  of  Weissenfeld,  who, 
in  1844,  fused  red  liquors  with  nitre  and  made  perfectly  white 
caustic  from  it.  The  manufacture  was  at  thait  time  discontinued 
because  there  was  no  demand  for  this  article;  and  it  seems  to 
have  fallen  into  oblivion.  It  is  just  possible  that  solid  caustic 
was  made  somewhere  between  1845  and  1851 ;  but  the  fact  that 
not  a  single  English  patent  about  it  was  taken  out  during  that  time 
tells  against  that  assumption. 

Thus  much  is  certain,  that,  if  not  the  commencement,  at  any 
rate  a  new  epoch  in  the  manufacture  of  solid  caustic  dates  from 
Gossage's  patent  of  May  18th,  1853.  This  patent,  which  also 
treats  of  the  oxidation  of  tank-liquor  by  air  in  a  coke-tower,  of 
the  removal  of  sodium  ferrocyanide  by  crystallization,  and  of  the 
evaporation  of  the  liquors  by  running  down  in  a  tower  provided 
with  horizontal  shelves,  further  speaks  of  the  production  of  caustic 
soda  from  tank-liquor  by  concentration  and  without  the  employ- 
ment of  lime.  The  liquor,  freed  from  iron  sulphide  by  oxidation 
by  means  of  air,  is  gradually  treated  with  a  solution  of  bleaching- 
powder  in  order  to  convert  the  hyposulphite  into  sulphite  or  sul- 
phate, and  is  concentrated  till  nearly  aU  the  sodium  carbonate 
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and  ferrocyanide  haye  been  separated  as  salts.    The  remaining 
solution  is  farther  concentrated  in  order  to  obtain  solid  caustic. 

From  that  time  the  general  attention  of  Gk>s8age's  neighbours 
in  South  Lancashire  (which  up  to  this  time  has  remained  the  prin- 
cipal seat  of  this  manufacture)  was  directed  to  this  article^  which 
was  especially  welcome  to  soap-  and  paper-makers;  and  soon 
caustic  soda  appeared  in  trade^  but  always  in  a  coloured  stat^^ 
blue,  green,  yellow,  red,  &c.  In  1855  (Nov.  27th)  Stott  obtained 
a  patent  for  clearing  the  liquor  of  sulphide  by  means  of  the  oxides 
of  manganese,  iron,  or  zinc ;  in  1857  (Feb.  21st)  another  patent  of 
Oossage's  and  soon  many  others  followed.  A  very  important  step 
was  the  patent  taken  out  in  1857  (Sept.  23rd)  by  Bakewell  (for 
Thompson),  which  introduced  the  now  generally  practised  mode  of 
packing  caustic  in  sheet-iron  drums.  Formerly  it  was  poured  out 
onto  metal  plates,  broken  up  after  solidification,  and  packed  in  casks 
(patented  subsequently  again  by  Ralston  in  1860 !) — a  very  dis- 
agreeable kind  of  work,  during  which  the  caustic  again  attracted 
much  moisture  and  carbonic  acid.  Some  manufacturers  on  tUs 
accoxmt  filled  up  the  casks,  packed  with  caustic  in  pieces,  with 
fused  caustic. 

As  about  that  time  the  demand  for  caustic  soda  already  ex- 
ceeded the  supply,  a  commencement  was  made  of  working  up  the 
tank-liquor  itself,  by  causticizing  it  with  lime,  whilst  previously 
only  red  liquors  had  been  used.     Still  even  then  '^  cream '^  caustic 
only  was  made  firom  tank-liquor.     In  1858  (Nov.  13th)  Messrs. 
Thomas  patented  the  process  now  mostly  used,  viz.  causticizing  by 
lime  and  oxidizing  by  air  in  one  operation.     In  1859  (Feb.  24th) 
Dale  patented  the  concentration  of  dilute  caustic  liquors  in  steam- 
boilers  &c.  for  the  purpose  of  usefully  applying  the  steam  generated. 
One  of  the  most  important  patents  was  Balston^s  (Nov.  22, 1860). 
He  obtained  for  the  first  time  white  caustic  soda,  by  raising  the    . 
heat  in  the  last  stage  of  the  process  till  the  iron  separated  as  oxide 
at  the  bottom  of  the  vessel,  the  clear  alkali  remaining  at  the  top. 
Previously  white  caustic  or  stronger  than  60-per-cent.  caustic  had 
only  exceptionally  been  made,  because  at  that  time  the  melting- 
pots  were  cast  too  thin  and  of  too  uncertain  a  quality  to  stand  the 
igneous  fusion  of  caustic  long  enough  for  the  ferric  oxide  (and, 
according  to  Pauli,  crystalline  aluminium  silicate)  to  be  deposited. 
Deacon,  however,  mentions  (Chem.  News,  xxxiii.  p.  160)  that  on 
August  7th,  1857,  he  had  begun  making  caustic  according  to  Goa- 
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sage's  patent^  and  that  already  on  September  17tli  he  had  made  a 
batch  of  white  caustic  precisely  by  the  process  subsequently  patented 
by  Ralston ;  Gamble  had  perhaps  done  it  even  before  him.  At  all 
events^  in  1859^  likewise  previous  to  Ralston's  patent,  Mac  Bryde 
had  made  white  caustic  in  exactly  the  same  way.  For  ail  that, 
some  time  elapsed  before  white  caustic  became  a  commercial  pro- 
duct. In  1862  it  was  exhibited  in  London  by  Deacon^  and  by 
Pauli  at  Manchester ;  but  it  was  still  a  great  rarity  till  the  process 
now  used  was  published  by  Pauli  (Chem.  News,  v.  p.  351 ;  June  28th, 
1862) .  This  process  has  been  described  minutely  by  Norman  Tate 
in  the  5th,  by  Morrison  in  the  31st,  and  by  Davis  in  the  32nd 
volume  of  the  ^  Chemical  News ; '  and  their  publications  are  very 
amply  drawn  upon  in  the  following. 

A  patent  of  Deacon's  (April  10th,  1862),  intended  to  introduce 
crystallized  caustic,  has  had  to  be  abandoned  again.  The  last 
important  step,  the  complete  or  nearly  complete  substitution  for 
nitrate  of  soda  of  air  blown  into  the  mass  whilst  in  igneous  fusion 
(not  merely  into  the  dilute  liquor  in  a  previous  stage)  was  already 
contained  in  Ralston's  patent  of  Nov.  22nd,  1860,  and  in  1865 
carried  out  by  Hart  (Chem.  News,  xxvii.  p.  207) ;  it  was  re-inyented 
and  patented  by  Hdbig  (July  5th,  1870). 

Outside  of  Lancashire  the  manufacture  of  caustic  could  not  for 
a  long  time  be  firmly  established.  On  the  Tyne  since  1864  some 
caustic  had  been  made ;  but  (excepting  a  small  works,  discontinued 
}ong  ago)  it  was  done  by  dissolving  and  causticizing  soda  ash,  which 
costly  process  can  only  exceptionally  compete  with  the  Lancashire 
works.  Only  for  a  few  years  past  has  white  caustic  been  made 
from  tank-liquors  both  on  the  Tyne  and  at  Glasgow,  and  not  in 
any  very  large  quantity,  if  compared  with  Lancashire,  ^here  one 
single  factory  at  Widnes,  when  in  full  swing,  turns  out  250  tons, 
several  others  in  the  same  place  and  four  or  five  at  St.  Helens 
from  60  to  80  tons,  of  60-per-cent.  caustic  per  week.  All  the  white 
caustic  is  there  made  by  causticizing  tank-liquor  with  lime^  the 
cream  caustic  mostly  from  red  liquors  without  lime.  From  the 
latter  by  very  special  care  white  caustic  can  also  be  made ;  but 
this  rarely  pays,  and  is  only  done  at  a  few  works. 

In  Germany  caustic  has  been  made  ever  since  1859;  but  at  first 
it  was  of  very  inferior  quality ;  recently  this  branch  of  alkali- 
making  has  extended  greatly  there  in  consequence  of  the  demand 
made  upon  it  by  the  manufacturers  of  alizarine^  of  wood-pulp,  &c. 


CAU8TIC  SODA.  595 

There  is  now  a  comparatively  large  quantity  of  caustic  soda  of  the 
best  quality  and  highest  strength  made  both  in  Germany  and 
Austria  ( Aussig) .  In  France  this  manufacture  is  not  yet  by  any 
means  very  extensive. 

Already  in  making  the  black-ash  mixture  regard  must  be  had  to 
the  caustic  intended  to  be  made  from  it.  Davis  (Chem.  News^ 
xxxii.  p.  165)  states  the  following  as  mixtures  actually  employed  in 
different  works : — 

I.  n.  in.  IV.        V. 

owt.  owti  cwt,  cwt.  cwt. 

Sulphate  of  soda  26  3  25  26  — 

limefltone 2-76  3  1-5  —  8 

Lime  mud  from  causticizing  ...    —  —  2*5  5  — 

Coal    1-6  1-625  1-6  1*6  1-5 

to  1-75 

Fished  salts  (eee  below)  —  —  14  lb.  —  2 

The  mixtures  IV.  and  Y.  ought  only  to  be  employed  quite 
exceptionally^  and  doubtless  do  not  yield  very  good  black  ash ;  the 

2  cwt.  fished  salts  only  contain  about  0*7  cwt.  real  sulphate. 
Of  the  smaller  balls  25  to  33^  of  the  larger  ones  usually  25  are 
made  in  24  hours,  with  two  shifts  of  men. 

Oossage  once  proposed  a  mixture  of  3  cwt.  sulphate,  3  chalk,  and 

3  coal  for  this  purpose ;  but  this  has  not  turned  out  well. 

We  shall  now  pass  on  to  the  manufacture  of  white  caustic  from 
tank-liquor  by  means  of  lime,  and  commence  with  the 

Causticizing. 

We  have  seen  before  that  formerly  in  some  places  soda  ash  was 
dissolved  for  caustic,  and  that  in  apparatus  precisely  similar  to 
those  employed  in  manufacturing  soda  crystals.  This  plan  is  still 
employed  at  paper-mills  &c.,  where  caustic  liquor  is  made  for  home 
use  j  but  where  caustic  is  made  for  the  trade,  the  same  plan  is  very 
seldom  followed  now,  because  it  is  too  expensive ;  the  tank-liquor 
obtained  on  lixiviating  black  ash  is  usually  treated  with  lime. 

This  in  Lancashire  is  generally  done  in  horizontal  semicylindrical 
vessels,  frequently  old  boilers  cut  in  halves,  20  to  30  feet  long,  and 
6  to  7  feet  wide  and  deep.  They  are  always  provided  with  a  feed- 
pipe for  tank-liquor,  a  water-pipe,  a  steam-pipe,  and  a  run-oS  cock ; 
but  the  way  in  which  the  agitation  of  the  hquor  is  produced  varies 
much.    In  some  cases  no  mechanical  contrivance  whatever  is  em- 
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ployed  for  this  ptirpose ;  the  lime  is  put^  in  an  unslaked  state^  into 
a  cage  of  iron  rods  constructed  on  one  side  of  the  vessel^  and  slakes 
there  in  the  liquor  itself — ^the  coarser  parts,  such  as  stones  &c.  being 
retained  in  the  cage^  while  the  finer  cream  passes  through.  The 
steam-pipes  end  in  different  parts  of  the  vessel  perpendicularly  dose 
above  the  bottom ;  so  that  the  steam  bubbling  up  itself  causes  a 
good  agitation  of  the  liquid.  Such  apparatus  are  only  adapted  for 
a  comparatively  small  scale  of  working,  and  do  not  utilize  the  lime 
to  the  full  extent  possible.  Hence  usually  either  mechanical  agi- 
tators (mostly  driven  by  a  donkey-engine  bolted  to  the  vessel  itself), 
or  air-injectors  (of  which  Koerting's  is  the  best  shape)  are  provided. 
The  current  of  air  injected,  and  finely  divided  by  branch  pipes  or  a 
perforated  false  bottom,  not  merely  produces  a  very  good  agitation 
of  the  lime  mud  with  the  liquid^  but  also  acts  at  the  same  time  as 
an  oxidizing  agent  upon  the  sodium  sulphide  and  ferro-sodium 
sulphate,  thus  dispensing  with  the  previous  application  of  Gossage's 
or  Hargreaves's  apparatus  (p.  517),  which  formerly  were  a  good 
deal  employed  for  caustic. 

A  peculiar  causticizing  apparatus  is  employed  at  Aussig.  In 
the  centre  of  a  cylindrical  vessel,  provided  with  a  perforated  false 
bottom  a  little  above  the  true  bottom^  there  is  a  vertical  tube^  open 
at  both  ends,  reaching  below  the  false  bottom  and  ending  about 
12  inches  below  the  top  of  the  vessel.  In  its  centre  revolves  a 
shaft,  driven  from  above,  carrying  blades  in  the  form  of  an  Archi- 
median  screw  and  constituting  an  inverted  turbine,  by  which  liquid 
is  continuously  raised  from  underneath  the  false  bottom^  poured 
over  the  edge  of  the  central  tube,  filtered  downwards  through  the 
lime,  and  so  forth.  This  arrangement  answers  especiaUy  well  for 
washing  the  lime  mud  i  with  it  a  sticking  fast  of  the  agitator^  which 
easily  happens  with  thick  lime  mud,  cannot  occur. 

In  other  places  there  are  perpendicular  shafts  with  horizontal 
arms,  from  the  lowest  of  which  chains  hang  down  and  drag  iron 
balls  behind  them  on  the  bottom  of  the  vessels  and  thus  keep  it 
clear  of  sediment. 

The  opinions  of  practical  men  vary  on  the  point  whether  causti- 
cizing by  mechanical  agitation  or  by  injection  of  air  is  to  be  pre- 
ferred. So  much  is  certain,  that  the  injector  requires  more  steam 
than  a  mechanical  agitator;  but  in  favour  of  the  former  are  the 
simplicity  of  the  apparatus  and  the  fact  that  the  sodium  sulphide 
is  oxidized  at  least  as  far  as  hyposulphite^  and  the  iron  is  mostly 
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precipitated.     In  England  this  way  of  causticizing  (by  injection  of 
air)  is  now  almost  exclusively  practised. 

The  tank-liquor  should  be  quite  as  well  settled  as  for  soda  ash ; 
at  the  first  glance  this  would  not  seem  to  be  necessary^  as  one 
would  think  that  the  lime  mud  would  clear  the  liquor;  but  that  is 
not  the  case^  and  bad  settling  is  revenged  by  a  bad  quality  of 
caustic.  The  lime  should  be  of  good  quality,  since  inferior  (clayey) 
lime  yields  badly  settling  liquors. 

The  tank-liquor  is  always  diluted  with  water  or  the  washings 
from  the  lime  mud  of  former  operations,  to  16°  or  20°  Tw.  It  is 
well  known  that  concentrated  solutions  cannot  be  completely  cans- 
ticized ;  but  up  to  2QP  Tw.  there  is  no  danger,  and  there  is  then 
less  water  to  be  evaporated  than  at  the  lower  strength.  In  some 
works  even  the  strength  of  23°  Tw.  is  employed ;  and  then  the 
liquors  are  not  completely  causticized,  only  about  92  per  cent,  of 
the  carbonate;  coals  for  evaporation,  however,  are  saved.  Accord- 
ing to  PamelFs  patent  of  Nov.  7, 1877,  soda-liquors  up  to  40°  Tw. 
can  be  causticized  by  lime  if  a  higher  pressure  and  temperature  are 
applied — that  is,  in  closed  vessels  provided  with  agitators.  The 
pressure  must  be  kept  up  till  the  caustic  liquor  has  been  separated 
from  the  calcium  carbonate,  because  otherwise  an  inversion  of  the 
reaction  would  take  place.  An  ad£tional  patent  of  Pamell  and 
Simpson's  (of  June  1st,  1878)  contains  several  improvements  in 
the  details  of  the  apparatus  and  process. 

The  mixture  is  brought  to  the  boiling-point;  and  then,  with 
constant  agitation  of  the  liquid,  the  lime  is  added,  always  unslaked, 
since  it  will  be  slaked  as  soon  as  it  gets  into  the  liquid,  and  the 
heat  given  off  thereby  saves  some  steam*     It  is  for  this  purpose 
that  the  iron  cage  is  provided,  which  receives  the  quicklime  and 
retains  the  stones  &c.     A  practised  workman  can  judge,  from  the 
manner  of  boiling,  the  colour  of  the  liquor,  and  other  tests,  with 
some  degree  of  certainty  when  enough  lime  has  been  added  to  make 
the  liquor  perfectly  caustic ;  but  besides  this  there  are  always  special 
tests,  made  by  filtering  a  sample  and  adding  a  little  hydrochloric 
or  sulphuric  acid,  which  ought  not  to  produce  any  effervescence. 
Now  either  the  whole  batch  can  be  run  off  into  a  special  settler,  or 
it  is  allowed  to  settle  in  the  operation-pan  itself  (as  it  is  called  in. 
Lancashire),  for  which  only  half  an  hour  is  required ;  tben  the 
clear  liquor  is   gradually  drawn   ofE  by   means  of  a  swivel-pipe 
(figs.  237  &  238  on  p.  558),  and  pumped  by  means  of  a  centnfugal 
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pump  (unleas  there  is  a  natural  fall)  iuto  the  liquor-aettler,  where 
it  mast  remain  perfectly  quiet.  Mostly  a  secoad  operation  is  per- 
formed  in  the  pan  vithout  removing  the  lime-mud :  more  tank- 
liquor  and  water  is  run  in,  the  temperature  raised  to  boiling,  the 
liquor  causticized  (for  which  not  quite  so  mueh  lime  is  required  aa 
the  first  time,  because  a  little  remained  behind  in  the  mud  &om 
the  first  operation),  and  again  the  clear  liquor  run  off.  More 
rarely  the  whole  contents  of  the  operation-pan  are  ruq.  onto  the 
filter,  where  the  lime  remains  behind. 

The  lime  mud  is  now  mixed  with  a  little  tresh  water,  brought  to 
a  thin  state  by  the  agitator,  and  either  allowed  to  settle  once  more 
so  that  the  dilute  liquor  can  be  drawn  off,  or  at  once  brought  upon 
the  filter. 

The  fittera  employed  are  of  a  peculiar  construction,  originated  by 
Ralston,  Gossage,  and  Shanks.  Fig.  245  shows  their  ordinary  shape. 
A  low  trough,  a,  made  of  stone  flags,  or  more  usually  an  iron  tank 

Fig.  246. 


of  about  20  X 10  feet  length  and  width  and  4  feet  depth,  or  one  half 
of  a  steam-boiler  cut  in  two  the  long  way,  is  placed  a  little  above 
the  ground-level,  and  its  bottom  inclined  a  little  towards  one  side, 
from  which  the  pipe  b  takes  away  the  liquor.  On  its  bottom  there 
are  a  number  of  nicked  laths  c  c,  the  nicks  allowing  the  liquor  to 
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circulate ;  on  these  lie  the  bearers  d  for  the  porons  flags  e  e,  joined 
with  cement^  so  that  the  liqnor  must  pass  through  the  pores  of  the 
flags.  More  usually  bricks  on  edge  are  placed  on  the  bottom  of 
the  filter^  about  2  inches  apart ;  in  the  centre  a  wider  channel  is 
left  and  covered  over  with  bricks  or  flags.  The  whole  is  covered 
with  an  8-inch  layer  of  coke  or  (less  suitably)  limestone  in  pieces^ 
upon  this  a  second  layer  of  smaller^  and  a  thin  layer  of  very  small 
pieces ;  last  of  all  comes  a  layer  of  pure  coarse  sand  or  small  coal^ 
and  on  the  top  of  this  cast-iron  or  wroaght-iron  grids^  upon  which 
the  men  can  work  with  the  spade.  Before  use  the  grids  are  covered 
with  furnace-cinders  or  small  coal.  In  a  filter  of  4  feet  depth  there 
must  be  thus  a  space  of  18  inches  or  2  feet  depth  left  for  the  lime 
mud.  Shanks  places  strong  iron  bearers  12  inches  above  the 
bottom^  on  the  top  of  these  perforated  metal  plates^  then  a  wire 
gauze  of  4  holes  per  linear  inch^  then  strongs  loosely  woven  calico^ 
and  on  this  another  wire  gauze.  Before  filtering,  stiff  lime  mud  is 
plastered  round  the  comers  of  the  filter,  in  order  to  prevent  the 
entrance  of  air  in  these  places  on  evacuating  the  filter. 

Sometimes  the  pipe  b  is  simply  conveyed  into  the  weak-Uquor 
well ;  but  it  is  much  better  and  more  usual  to  assist  the  filtration 
by  a  vacuum.  For  this  purpose  the  pipe  b  enters  a  small  air-tight 
iron  boiler  of  120  to  200  cubic  feet  capacity,  which  is  very  suitably 
placed  above  the  operation-pan;  this  is  connected  with  the  air- 
pump,  and  is  provided  with  an  air-cock,  a  run-off  cock  in  the 
bottom,  and  a  water-gauge.  Or  else  the  vacuum  is  produced  by 
injecting  and  subsequently  condensing  steam  in  a  separate  boiler. 

As  soon  as  the  dilute  lime  mud  has  run  upon  the  filter,  the  air- 
pump  is  set  in  motion,  and  first  the  air  and  then,  as  it  collects,  the 
liquid  from  underneath  the  filtering-bed  are  removed.  Cracks  are 
very  soon  formed  on  the  surface  of  the  mud — ^which  must  at  once 
be  closed  by  means  of  a  rake,  running  at  the  same  time  a  jet  of 
water  onto  the  mud  and  working  it  well  through  with  it,  so  as  to 
wash  out  the  caustic  contained  in  it.  At  Aussig  the  formation  of 
cracks  and  the  disturbance  of  the  vacuum  are  much  more  com- 
pletely and  certainly  prevented  by  means  of  a  perpendicular  shaft 
with  slanting  side  arms,  continuously  turning  up  and  laying  down 
the  surface  of  the  mud  on  the  (cylindrical)  filters.  After  three  or 
four  hours  the  paste  has  become  stiff  and  no  more  liquor  runs  out. 
The  vacuum-pump  is  now  stopped ;  and  the  collected  washings 
are  employed  for  the  next  causticizing  operation.     Some  do  not 
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wash  the  lime  mnd  at  all^  since  it  is  again  worked  np  in  tlie  black- 
ash  furnace,  and  its  soda  is  thus  utilized.  But  as  in  any  case 
water  is  required  for  diluting  the  liquor  previously  to  causticizing, 
washing  in  the  filter  seems  preferable. 

The  composition  of  washed  lime  mud  is  shown  in  the  following 
analyses  by  Dayis  {loc.  cit.  p.  187) : — 

A.  B. 

{Calcium  hydrate 2825  2652 

Sodium  hydrate 1906  1-663 

Sodium  chloride  and  sulphate  . . .  0*244  0*206 

Calcium  carbonate 40-170  42-031 

Calcium  hydrate 8-756  8-072 

Silica  0-678  0-774 

Alumina 0-255  0-324 

Iron  peroxide 0048  0*708 

Magnesia    0086  0095 

Soda    1-832  1*600 

Water 47-986  46-577 


99-781        99-702 

The  first  three  components,  bracketed,  were  soluble  when  5  grams 
of  the  mud  were  digested  in  100  cub.  centims.  water  at  100°  C. 

According  to  Kynaston,  lime  mud  retains  as  much  as  5  or  6  per 
eent.,  according  to  Norman  Tate's  experiments  on  the  small  scale 
2*5  or  3  per  cent.  Na^O.  Since,  with  good  lime,  for  a  ton  of  60-per- 
cent, caustic  11  cwt.  of  lime  are  reckoned,  which  yield  about  36  cwt. 
of  mud,  a  percentage  of  2-5  Na20  in  the  dry  or  1-25  in  the  wet 
state  will  cause  a  loss  of  50  lb.  of  soda  per  ton  of  caustic  soda. 
With  inferior  lime,  of  which  1  ton  is  required,  3  tons  of  mnd  are 
obtained,  and  consequently  there  is  a  loss  of  |  cwt.  of  Na^O  per 
ton  of  caustic. 

This  Ume  mud  is  generally  employed  for  replacing  a  portion  of 
the  limestone  in  a  fresh  black-ash  mixture^  and  is  all  the  more 
I  adapted  for  this  as  it  is  in  a  finely  divided  form,  and  as  the  soda 

I  still  present  in  it  in  a  soluble  form,  but  not  completely  washed  out, 

is  in  this  way  utilized.  It  is  possible  to  use  a  good  deal  of  it,  as 
the  mixtures  given  on  p.  595  prove  ,*  and  it  is  employed  in  the 
damp  state,  because  drying  would  be  too  troublesome. 

Where  this  certainly  most  rational  way  of  utilizing  the  lime  mud 
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cannot  be  followed^  e.  g.  in  soap-works  where  they  buy  soda  ash 
and  causticize  it^  it  has  often  been  attempted  (as  proposed  by 
Muspratt)  to  dry  the  mud  and  reconvert  it  into  caustic  lime  in 
order  to  employ  this  over  again  for  causticizing  soda.  This,  how- 
ever, has  always  failed — ^partly  because  the  lime  thus  made  was 
dearer  than  firesh  lime,  and  partly  because  in  drying  it  fell  to 
powder  and  could  not  be  properly  burnt. 

A  locally  restricted  utilization  of  the  lime  mud  has  been  carried 
out  by  Nackh  and  Co.  at  Vienna  (Wagner's  Jahresb.  1872,  p.  257) : 
they  employ  a  part  of  it  for  making  carbonic  acid  for  mineral  waters, 
and  mix  the  calcium  sulphate  thus  obtained  in  different  proportions 
with  another  portion  of  the  lime  mud,  subject  the  mixture  to  strong 
pressure,  and  mould  it  into  pieces  for  writing-chalk. 

Davis  gives  the  following  analyses  of  dilute  tank-liquors  : — ^A, 
before  causticizing ;  B,  the  same  after  causticizing,  the  agitation 
having  been  produced  by  injection  of  air, 

A.  B. 

graniB.  grams. 

Iron  sulphide traces            

Ferric  oxide   traces 

Sodium  sulphide    1-068  none 

„       sulphite 0-151  0-264 

„       hyposulphite     1-137  1-864 

„       sulphate    5-428  5-006 

„       chloride    8-676  7-995 

„       siUcate 0-852  0-176 

„       aluminate 2-490  1-438 

„       carbonate 53167  2954 

„       hydrate 44-280  74-000 

„       ferrocyanide 0098  0-086 

„       sulphocyanide  0054  0050 

„       phosphate traces  traces 

Insoluble 0-849  none 

Total  solids  per  litre 118140  93-888 

Spec,  gravity  at  13'^  C MOO  1-090 

The  next  sample  had  been  made  £rom  more  dilute  tank-liquor 
(of  15°  Tw.)  and  by  mechanical  agitation ;  it  showed  at  11°  C. 
spec,  gravity  13°  Tw. 
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grams. 

Iron  Bulphide traces 

Sodium  sulphide 1*092 

„       hyposulphite 1'264 

„       sulphite trace 

„       sulphate 8*264 

„       chloride 4*212 

„       silicate    0*151 

^y       aluminate  0*584 

,,       carbonate  7*844 

„       hydrate 50*400 

Other  constituents 0*200 


Total  solids  per  litre  ...     69*011 

This  shows  that  by  agitating  with  injected  air^  unlike  mechanical 
agitation^  the  sodium  sulphide  is  almost  completely  destroyed  and 
principally  converted  into  hyposulphite^  according  to  the  equation 

2Na8S  +  40  +  HaO=Na5S,08+2NaOH. 

On  continued  blowing,  probably  the  hyposulphite  would  be  trans- 
formed into  sulphate ;  but  there  is  no  time  for  it  in  this  process. 

It  can  further  be  seen  from  the  above  analyses  that  most  of  the 
silica  (up  to  80  per  cent.)  is  removed  in  causticizing.  Also  42  per 
cent,  of  the  sodium  aluminate  have  been  removed  as  an  insoluble 

* 

calcium  aluminate ;  the  aluminate  proceeds  partly  from  the  tank- 
liquor,  partly  from  the  ^^  caustic  bottoms/'  which  are  dissolved  in 
water  to  20*^  or  30°  Tw.  and  causticized  along  with  tank-Hquor. 

We  have  seen  in  a  former  chapter  (p.  489)  that  several  metalUc 
oxides  have  been  proposed  for  removing  the  sodium  sulphide  from 
the  liquor,  as  iron,  zinc,  and  manganese  oxides ;  the  metallic  sul- 
phides produced  were  to  be  washed,  dissolved  in  hydrochloric  acid, 
and  the  hydroxide  recovered  by  precipitation  with  milk  of  lime. 
This  plan  has  been  abandoned  after  many  endeavours ;  even  zinc 
oxide,  which  promised  best,  was  not  applicable,  because  zinc  sul- 
phide is  a  slimy  precipitate  which  will  not  settle  in  an  alkaline 
liquor.  Lead  oxide  only  has  been,  as  litharge,  employed  success- 
fully in  two  works  j  but  on  account  of  its  cost,  and  as  its  recovery 
is  practically  impossible,  it  is  only  employed  for  (nominally)  76- 
per-cent.  caustic  (containing  nominally  98  per  cent.,  in  reality  95 
or  96  per  cent.  NaOH) .     This  is  the  article  sold  by  the  Oreenbank 
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Chemical  Company  at  St.  Helens^  which  fetches  a  much  higher  price 
than  ordinary  caustic^  but  naturally  only  commands  a  restricted 
sale.  The  litharge  is  added  in  causticizing ;  it  amounts  to  less 
than  50  lb.  per  ton  of  60-per-cent.  caustic,  and  reduces  the  con- 
sumption of  nitre  to  less  than  6  lb.  per  ton.  The  litharge  being 
very  heavy  renders  it  necessary  to  agitate  very  energetically,  and 
that  mechanically,  since  by  the  applicatiou  of  air  sulphite  is  formed 
£rom  the  sulphide  instead  of  caustic,  and  thus  the  advantage  pro- 
cured by  the  lead  oxide  is  lost.  Probably  the  best  way  of  using  it 
would  be  to  dissolve  it  in  strong  caustic  liquor  of  50^  Tw.  The 
lead  sulphide  remains  mixed  with  the  lime  mud  and  is  lost,  but 
does  not  interfere  with  its  use  in  the  black-ash  mixing. 

7%c  Concentration  of  the  Liquor. 

The  caustic  liquor  is  now  finished ;  but  it  is  diluted,  viz.  from 
13^  to  at  most  20°  Tw.,  and  its  concentration  is  accordingly  a  very 
important  task,  in  which  the  economy  of  fuel  is  the  principal  object. 
Pamell's  process  (p.  597)  would  save  some  fuel ;  but  it  is  question- 
able whether  this  is  equivalent  to  its  extra  cost. 

The  process  patented  by  Dale  would  seem  the  most  rational, 
according  to  which  the  first  concentration  of  the  liquor  takes  place 
in  a  steam-boiler,  and  the  steam  generated  is  utilized  as  such. 
This  can  be  done  for  driving  an  engine  or  for  heating-purposes,  or 
for  concentrating  a  fresh  quantity  of  liquor  at  a  lower  pressure. 
At  most  of  the  few  works  where  this  process  was  employed  the 
steam  was  used  in  causticizing  tank-liquor;  once  the  author  found 
it  employed  (in  a  small  factory)  for  supplying  the  vitriol-chambers. 
The  concentration  of  caustic  liquor  in  steam-boilers  has  the  disad- 
vantage that  at  a  certain  stage  the  liquor  has  a  tendency  to  froth 
over.  This  is  avoided  by  placing  within  the  boiler,  over  its  hottest 
place,  a  cast-iron  funnel  with  its  mouth  downwards,  touching  the 
shell  of  the  boiler  only  in  a  few  places ;  the  most  ample  formation 
of  bubbles  and  froth  takes  place  underneath  the  funnel ;  and  the 
rising  froth,  otfing  to  the  shape  of  the  funnel,  must  carry  some 
liquor  along,  which  constantly  runs  over  at  the  top,  flows  back 
upon  the  boiling  and  frothing  liquid,  and  thus  abates  the  violence 
of  the  frothing. 

According  to  Hofmann's  Report  (1862),  p.  27,  liquor  might  be 
concentrated  up  to  spec,  gravity  1*24  or  1*25  without  the  slightest 
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inconvenience  in  steam-boilers ;  the  author  has  met  with  this  in 
actual  practice  only  once^  though  in  several  instances  the  strength 
has  been  1*20;  but,  according  to  Davis,  in  no  case  ought,  a  spec 
gravity  of  1*15  to  be  exceeded.  But  this  process  appears  to  have 
been  abandoned  everywhere,  because  the  boilers  are  much  acted 
upon  by  the  sodium  sulphide,  and  because  with  the  slightest  care- 
lessness of  the  attendants  very  awkward  consequences  occur.  In 
any  case,  if  the  liquor  is  concentrated  in  steam-boilers,  the  caus- 
ticizing  ought  to  be  effected  by  injection  of  air,  or  the  liquors 
desulphurized  with  the  assistance  of  litharge ;  nor  ought  the  point 
ever  to  be  attained  at  which  any  salts  may  be  precipitated. 

The  proper  concentration,  in  England,  always  takes  place  in  boat 
pans,  which  are  partly  heated  by  the  waste  fire  of  the  black-ash 
furnaces,  partly,  as  this  is  not  sufficient  for  caustic  Uquors,  by 
special  fires.  They  are  either  of  cast  iron  or  of  wrought  iron ; 
their  construction  and  setting  have  been  described  in  detail  on 
p.  502  seq.  In  some  works  there  are  two  cast-iron  pans,  in  others 
two  wrought-iron  pans,  placed  behind  the  black-ash  fiimaces,  one 
behind  the  other ;  in  others  there  is  first  a  cast-iron,  then  a  wrought- 
iron  pan.  The  pan  placed  next  to  the  furnace  is  so  arranged  that 
its  bottom  is  on  a  level  with  the  furnace-arch ;  the  following  one 
is  placed  about  6  inches  higher.  The  dilute  liquor  is  run  into  this 
pan  first,  and  further  concentrated  in  the  first  pan.  Some  works, 
less  rationally,  feed  the  pan  next  to  the  furnace  with  weak  liquor. 
The  back  pan  (mostly  of  wrought  iron)  can  hardly  get  the  liquor 
up  to  boiling  and  concentrate  it  up  to  28°  Tw. ;  in  the  firont  pan 
(often  of  cast-iron)  the  liquor  gets  up  to  50°  Tw.,  and  is  then  run 
oflF  by  a  S$-inch  pipe  and  cock  into  the  separately  fired  ''  strong  *'- 
pans.  Sometimes  these  cast-iron  pans  are  heated  by  the  black- 
ash-fiimace  fire ;  one  gets  the  liquor  up  to  24°,  the  middle  one  to 
64°,  and  the  last  one  to  70°  Tw. ;  at  this  strength  salts  begin  to 
separate.  A  decidedly  wrong  arrangement  is  that  of  fixing  a 
wrought-iron  pan  over  the  black-ash  furnace  in  the  place  of  an 
arch,  and  a  second  one  behind  it ;  the  slight  gain  in  evaporating- 
power  cannot  make  up  for  the  continual  stoppages  and  repairs. 

The  Grerman  works,  even  for  this  object,  do  not  apply  any  boat- 
pans,  but  flat-bottomed  pans,  both  because  they  shun  the  more 
difficult  constructions  and  repairs  of  the  former,  and  because,  as  they 
contend,  they  have  purer  liquors,  and  hence  less  salts,  than  the 
English  works. 
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The  ''  strong  "-pans,  heated  by  a  separate  fire,  are  also  either  of 
cast  or  wrought  iron ;  in  the  former  case  they  are  always  fired  in 
sets  of  two  or  three,  in  the  latter,  where  they  are  made  sometimes 
80  feet  long,  singly.  As  the  first  strong-pans  boil  very  vehe- 
mently, they  are  provided  with  9-inch  sheet-iron  borders,  attached 
to  the  flanges  of  the  pan  by  several  pieces  riveted  on. 

In  any  case  all  the  pans,  beginning  from  the  caustic-Uquor 
settlers,  must  be  arranged  so  that  the  liquors  can  run  spontaneously 
from  one  pan  to  the  other.  Pumping  is  excluded  for  the  more  highly 
concentrated  stages ;  and  if  such  a  liquor  has  to  be  transferred  to  a 
higher  level,  the  costly  and  disagreeable  operation  of  baling  by  hand 
must  be  resorted  to,  which  in  the  last  stage,  that  of  finishing,  is  not 
avoidable.  If  it  were  altogether  indispensable,  no  doubt  mechanical 
contrivances  could  be  applied  to  this ;  but  it  is  certainly  simpler  to 
lay  out  the  plans  £rom  the  first  so  as  to  do  away  with  such  things 
— that  is,  to  place  the  liquor  to  settle  at  a  sufficient  elevation. 

The  boiling  is  always  continued  up  to  certain  degrees  of  concen- 
tration ;  and,  as  usual,  these  are  ascertained  by  the  hydrometer. 
But  as  this  does  not  give  quite  uniform  residts  for  the  higher 
strengths,  and  is  not  always  very  easily  applicable,  the  thermometer 
is  employed  as  well,  since  the  boiling-point  of  the  liquors  regularly 
increases  with  its  concentration. 

When  these  have  attained  the  point  at  which  the  hydrometer 
indicates  70°  to  72°  Tw.,  and  the  thermometer  ISS""  C,  the  fire  is 
drawn  out  or  allowed  to  bum  down,  and  the  contents  of  the  pan 
are  allowed  from  half  an  hour  to  two  hours  to  settle,  so  as  to  get 
clear  and  to  deposit  salts.  K  70-per-cent.  caustic  has  to  be  made, 
the  English  works  concentrate  further,  up  to  80°  or  85°  Tw.,  as 
will  be  described  further  on.  After  settling,  the  clear  liquor  is  run 
off  by  a  swivel-siphon,  and  the  remaining  salt  put  into  drainers  with 
false  bottoms  by  means  of  a  perforated  shovel,  whence,  after  tho- 
rough draining,  it  is  taken  back  to  the  black-ash  furnaces.  In 
other  cases  the  salts  are  fished  out  during  the  evaporation  in  the 
weak-pans,  and  are  consequently  less  caustic.  Frequently  the  salt 
is  left  in  the  pan  and  partly-concentrated  liquor  is  run  upon  it ;  it 
is  then  fished  out,  after  having  been  washed  to  some  extent  in  this 
way.  The  salt  obtained  by  fishing  from  strong  liquors  consists 
mainly  of  monohydrated  sodium  carbonate  and  anhydrous  sodium 
sulphate  (A) ;  that  fished  firom  weaker  liquors,  of  hydrated  salts 
(B) .     Davis^s  analyses  are : — 
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A.  B. 

Insoluble 0384  0*214 

Sodium  sulphite  2*734  0793 

„       hydrosulphite 0-316  0252 

,,      sulphate 29*583  24*499 

„      chloride  3*978  1-872 

^y      silicate    traces  traces 

jy      aluminate  traces  traces 

„      carbonate    27*984  22*684 

„      hydrate    15360  7-680 

Water  (by  diff.)   19*661  42*006 


100-000        100*000 

Morrison  states  the  composition  of  fished  salts  as  follows  : — 

Water 1800 

Na^COs    ,....  8900 

NaOH 9*00 

Na«S04    2900 

NaCl    0*50 

Besides  there  was  some  hyposulphite  and  sulphite  (eyidently 
this  analysis,  like  all  others  in  Morrison's  paper^  is  only  a  rough 
one) .  The  total  amount  of ''  salts/'  all  of  which  must  pass  through 
the  black^ash  furnace  again,  with  moderately  good  liquors  does 
not  exceed  20  to  25  per  cent,  of  the  weight  of  the  finished  caustic. 

Already  in  boiling  down  care  must  be  taken  lest  the  above  salts 
adhere  to  the  pan-sides,  a  task  which  is  very  much  facilitated  by 
the  shape  and  the  manner  of  setting  the  pans. 
.  Quite  difierently  composed  is  that  portion  of  the  salts  which 
is  deposited  in  the  settlers,  of  course  whilst  the  liquor  is  cooling; 
here  sodium  chloride  predominates,  as  is  shown  by  the  following 
analyses  of  Davis:— 
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A.  B. 

Insoluble  (chiefly  FeS) 1143  0867 

Sodium  sulphide    traces  0*077 

„      sulphite 2-734  1018 

„      hyposulphite 0*316  0-146 

„      sulphate    9-768  5-772 

„      chloride 37-674  60443 

^,      silicate  traces  traces 

,y      aluminate traces  traces 

carbonate 15052  5-688 

hydrate 13*440  10-773 

Water  (by  diffi) 19873  15226 


100-000      100-000 

This  salt  is  not  deposited  in  very  large  quantities ;  so  that  it 
need  only  be  cleared  out  once  every  fortnight.  It  is  of  a  greasy 
nature,  cannot  be  easily  separated  from  its  mother  liquor,  and  is  evi- 
dently nothing  like  so  well  adapted  for  black-ash  making  as  the 
former  salts.  In  some  works  it  is  not  separated  at  all,  but  always 
at  the  expense  of  the  quality  of  the  caustic ;  in  this  cajse  the  liquor 
must  be  allowed  to  settle  much  longer  in  the  pans  themselves,  say 
six  or  eight  hours. 

The  strong-pans  are  run  off  about  once  every  24  or  30  hours ; 
and  five  of  them  are  required  to  make  up  a  10-ton  finishing-pot. 
Already  in  the  pans  themselves  a  little  nitrate  of  soda  is  added, 
when  about  the  spec,  gravity  60°  Tw.  has  been  reached.  The  men 
assume  that  this  precipitates  the  salts  better,  and  keeps  the  pans 
free  from  incrustations.  Of  course  any  sodium  sulphide  present  is 
thus  oxidized.  An  excess  of  nitre  at  this  stage  would  mean  a 
loss,  as  it  would  be  precipitated  along  with  the  salts.  If  the 
liquor  has  been  oxidized  by  air  in  causticizing,  no  nitre  whatever 
need  be  added,  even  if  the  liquor  is  reddish  and  contains  traces  of 
sulphide. 

According  to  Pauli,  at  this  stage,  so  long  as  the  boiling-point  of 
the  liquor  does  not  exceed  138°  to  143°  C,  the  sodium  sulphide  is 
quietly  oxidized  into  sulphate,  nitrite  being  formed ;  at  155°  C. 
ammonia  is  first  given  off  in  quantity,  with  lively  effervescence  \ 
when  the  boUing-point  exceeds  155°  C,  the  evolution  of  ammonia 
ceases  again  and  a  tempestuous  evolution  of  nitrogen  sets  in.    A 
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portion  of  tlie  ammonia  is  also  furnished  by  the  decomposition  of 
the  cyanides.     Panli's  equations  are  : — 

1.  Na^H-4NaN08=Na,S04+4NaNOa; 

2.  NajS  +  NaN08+2H«0=Na,S04+NaOH+NH,; 
8.  5NajS  4-  SNaNO, + 411^0 = 8NaOH  +  SNa^SO^  +  8N. 

Muspratt^  by  introducing  hyposulphite  and  sulphite,  arrives  at 
the  foUowing  equations : — 

1.  2NajS+Na4S«08+2NaNOs+8H80=4NajS08+2NH, ; 

2.  NajS  +Na,Sj08+Na^SOs  +  2NaNO,+8HaO=4Na,S04+2NH,. 

Muspratt^s  equations  are  far  too  specialized  for  such  a  compli- 
cated process,  and  hence  contribute  little  to  explain  it;  moreover 
the  second  one  is  wrong,  as  it  exhibits  one  atom  of  oxygen  less  on 
the  lefl  side  than  on  the  right  side.  (The  original,  in  the  old  nota- 
tion, puts  it:  NaS  +  NaO,  8,08+ NaO,  SO^+NaO,  NO,+4H0 
=4NaO,S08-fNH40.) 

In  contradiction  to  Pauli,  Davis  asserts  that  even  below  138^  C. 
NHg  is  given  off  and  but  little  ''sulphite''  is  formed  (this  is  pro- 
bably a  clerical  error  for  nitrite) .  He  represents  the  four  stages 
of  oxidation  thus  : — 

1.  2Na,8 +NaN08+3H,0=Na,S,Os +8NaOH +NH,  ; 

2.  2NaaSsO.+8NaOH+NaNO,=:4NajSO,4-NH.; 

8.  5Na5SO.+2NaNOs+HsO«5NajS04+2NaOH-hNj. 

The  first  reaction  takes  place  below  138^  C. ;  and  the  hyposul- 
phite formed  remains  mostly  dissolved  in  the  liquor.  The  second 
reaction  sets  in  a  little  above  or  below  152°  C. ;  the  resulting 
sodium  sulphite  rises  and  floats  on  the  top  of  the  pots  as  a  white 
scum.  When  the  last  reaction  commences  it  would  be  difficult  to 
say ;  but  in  most  cases  the  evolution  of  ammonia  stops  at  182°  C. 
and  nitrogen  takes  its  place.  All  these  reactions  cannot  occur  un- 
less an  excess  of  nitre  has  been  added,  consequently  not  at  the  stage 
already  described,  but  later  on  in  the  finishing-pots.  But  even 
without  the  addition  of  nitre  sulphite  is  formed  at  a  temperature  of 
about  160^  C,  probably  by  the  action  of  the  air  upon  the  hyposul- 
phite, thus : 

Na,S,08+2NaOH +Oa=2Na8S08+ H,0. 
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Another  portion  of  the  hyposulphite  is  decomposed  at  a  higher 
temperature^  especially  in  contact  with  the  heated  pans^  in  the 
following  way : 

Na^SaOa  +  2NaOH = NajS04  +  Na^S  +  H3O. 

Sodium  sulphide  itself  is  oxidized  by  the  action  of  the  air ;  and 
in  cases  where  the  liquors  had  been  completely  oxidized  during 
causticizing^  some  pots  have  been  finished  without  a  particle  of 
nitre  going  into  the  liquor  at  any  stage.  This  observation  of 
Davis's  agrees  with  the  author's  observations  at  Aussig  (see 
below) . 

In  any  case^  when  nitrate  is  added  to  liquors  not  yet  arrived  at 
the  138°  C.  boiling-point,  ammonia  is  given  off  and  principally  hypo- 
sulphite is  formed,  which  remains  dissolved,  except  a  small  quantity 
of  sulphite  which  falls  down  with  the  salts  and  may  be  seen  in  the 
preceding  analysis.  If  nitrate  of  soda  is  then  added  to  the  pans,  it 
ought  to  be  in  the  proportion  indicated  by  Davis's  first  equation — 
that  is,  only  one  NaNOa  for  2Na8S,  whilst  Pauli's  first  equation 
requires  eight  times  as  much.  Davis  found  that  when  nitrate  of 
soda  was  added  in  the  proportion  indicated  by  his  theory  and  then 
boiled  to  138°,  90  per  cent,  of  the  sulphide  was  oxidized,  while  a  very 
small  proportion  only  should  have  been  so  if  nitrite  and  sulphate 
had  been  formed. 

Also  the  reaction  taking  place  during  the  igneous  fusion  of  the 
mass  is  explained  by  Davis  in  his  third  equation  differently  from 
Pauli,  because  at  this  stage  no  other  water  can  be  present  than  that 
chemically  combined  with  sodium  oxide. 

There  is  also  another  method  of  concentrating,  beside  that  de- 
scribed above.  In  this  the  liquor  is  only  boiled  down  to  50°  Tw., 
of  course  entirely  in  boat  pans  by  the  waste  heat  of  the  ball- 
fumaces ;  no  salt^  are  separated,  or  but  an  insignificant  quantity ; 
and  the  liquor,  without  any  settling,  is  run  into  caustic-pots,  where 
it  is  boiled  to  138°  C,  when  the  fire  is  drawn  and  the  contents  of 
the  pots  are  allowed  to  settle.  The  sulphide,  carbonate,  and  chlo- 
ride, with  several  other  salts,  are  deposited  here  in  one  operation 
and  the  supernatant  liquor  baled  off,  to  be  treated  as  described 
below.  Weak  liquor  is  then  run  upon  the  deposited  salts,  which 
are  fished  out,  drained,  and  sent  into  the  black-ash  mixing.  Their 
composition,  according  to  Davis,  is  as  follows  : — 

VOL.  II.  2r 
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A.  B. 

Insoluble  matter  (chiefly  FeS)...  0*742  1-004 

Sodium  sulphide    0-116  0-097 

„       hyposulphite 0*274  0*718 

„      sulphite 8-723  2695 

„      chloride 7-024  5-834 

„      sulphate 22*773  26-432 

,,      silicate  traces  traces 

^,       aluminate traces  traces 

„       carbonate 21-559  24*218 

„       hydrate 8*417  10*116 

Water  (by  diff.) 85-372  28886 

100*000      100-000 

Of  these  two  methods  the  first  (boiling  down  in  boat  pans, 
partly  by  separate  fires,  up  to  138^  C,  salting  out  by  settling  in  the 
pans  and  settlers  and  then  only  conveying  to  the  pots)  causes  more 
labour  and  repairs  than  the  second  (boiling  down  in  boat  pans  only 
up  to  50^  Tw.,  then  further  in  the  pots  and  separating  all  salts  in 
one  operation) ;  this  latter,  however,  causes  greater  expense  for 
fuel,  about  as  much  as  the  labour  and  repairs  amount  to  in  the 
former  case ;  so  that  it  is  an  open  question  which  is  the  best  process 
to  adopt. 

Davis  gives  the  following  analyses  of  strong  Uquors  as  they  run 

into  the  pots  : — 

A.  B. 

grams.  grams. 

Iron  sulphide 0*740  none 

„    peroxide none  0071 

Sodium  bisulphide 0*462  none 

„      sulphide 0*531  none 

„      sulphite none  none 

„      hyposulphite 12*324  19*908 

„      sulphate    2964  0*120 

„      chloride 19*890  26  325 

„      silicate  1*758  1*555 

„      aluminate 6*984  5*784 

„      carbonate 25*840  22*506 

„      hydrate 552000  660000 

„       sulphocyanide  0*342  1*240 

Total  solids  per  litre 623835        637*609 
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A  was  from  Hquor  thoroughly  oxidized  in  causticizing^  boiled 
down  to  188°  C. ;  it  was  93°  Tw.  at  11°  C. 

B  was  from  liquor  not  oxidized^  but  nitre  added  in  the  boat  pans^ 
and  boiled  to  138°  C. ;  it  was  96°  Tw.  at  11°  C. 


The  Finishtng. 

The  "  finishing-pots''  for  caustic  are  made  of  various  shapes^  with 
an  upper  diameter  of  7  feet  to  9  feet  6  inches  and  a  depth  of 
4  feet  to  5  feet  6  inches.  The  usual  size  is  about  9  feet  wide  and 
6  feet  6  inches  deep ;  and  they  then  hold  10  tons  of  caustic.  The 
thickness  of  metal  in  the  bottom  varies  from  2  inches  (small  pots) 
to  8  inches  (large  ones) .  Much  depends  upon  the  proper  mixture 
of  cast  metal  which  best  resists  the  chemical  action;  and  in 
moulding  and  casting  also  the  utmost  care  must  be  employed. 

Nearly  all  the  caustic-pots  in  England  are  supplied  by  Messrs. 
H.  Daglish  and  Co.^  of  St.  Helens,  and  by  the  Widnes  Foundry 
Company.  Figs.  246  to  249  show  three  of  the  most  usual  forms 
of  pots  on  a  scale  of  1 :  48  :  figs.  246  and  248  are  perpendicular 
sections  :  figs.  247  and  249,  half-plans. 


Fig.  246. 


Fig.  247. 


Fig.  248. 
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A  Tell-made  and  properly  set  pot  lasts  at  least  tea  months,  in 
faTourable  cases  two  years,  and  turns  out  600  or  700  tons  of  caustic, 
bat  only  if  it  is  turned  s  little  every  three  months  so  that  firesh 
places  are  exposed  to  the  fire.  The  pots  are  usually  destroyed  by 
a  certain  place  being  burnt  out  too  much,  where  a  hole  or  crack  is 
formed,  usually  s  foot  or  two  above  the  bottom.  The  wear  and  tear 
is  never  uniform,  but  in  patches  or  scars  of  ^  to  ^  inch  depth.  The 
pots  are  nearly  always  protected  from  the  direct  fire  by  a  cartain 
wall,  which  divides  the  flame  into  two  parts ;  these  pass  round  the 
pot,  and  unite  again  on  the  opposite  side.  This  setting  will  be 
easily  understood  &om  figs.  250  and  251. 


Fig.  200. 


CAUSTIC  SODA, 
Fig.  251. 


The  pots  are  mostly  pL&ced  on  a  cast-iroa  plate,  id  order  to  faci- 
litate their  tuming,  for  which  purpose  also  three  lugs  are  cast  on 
thena  at  equal  distances  (fig.  249) .  Since  the  weight  of  a  pot  itself 
is  about  6^  tons,  this  turning  is  always  troublesome ;  in  large  works 
it  is  greatly  facilitated  by  a  traTelling  crane  which  can  be  brought 
over  any  pot. 

Heating  the  pots  by  means  of  gas-producers  has  been  tried,  but 
given  up  again  on  account  of  the  great  waste  of  fuel. 

Each  pot  has  mostly  a  sheet-iron  cover,  frequeutly  balanced  by  a 
chain,  pulley,  and  weight  j  it  is  only  put  od  during  the  last  stage 
of  the  process.  The  cover  has  a  small  opening  on  one  side  for 
tutroducing  the  nitre,  and  sometimes  another  connected  with  a  tall 
chimney.  Occasionally  three  pots  in  succession  are  employed,  one 
of  which  is  fed  with  strong  liquor  from  the  pans,  the  second  from 
the  first,  and  the  third  from  the  second.  But  most  firequently  the 
liquor  coming  from  the  strong-  (boat)  pans  is  finished  in  the  same 
pot. 

These  pots  are  now  filled  with  liqnor  boiling  at  138°  C,  either 
direct  from  the  boat  pans  or  by  baling  &om  another  pot ;  and  the 
liquor  is  boiled  up  to  160°  C.  Between  143°  and  16(f  a  scum 
forms  on  the  surface  of  the  pot,  sometimes  of  a  red,  sometimes 
of  a  black  colour :  this  is  removed,  by  means  of  perforated  scoops, 
when  70-per-ceDt.  caustic  is  to  be  produced,  and  even  for  60-pei^ 
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cent,  caustic  at  most  works.     It  has  the  same  compositioii  whether 

nitre  has  been  added  or  not : — 

A.  B. 

Iron  peroxide  traces  traces 

„     sulphide   0-139  0*846 

Sodium  sulphite  51-408  57-120 

„       hyposulphite  ...      none  traces 

J,       sulphate 6-831  5377 

„       chloride  5-265  6172 

„       silicate 0-225  traces 

„       aluminate   traces  traces 

„       carbonate   15408  13013 

„       hydrate  20800  17672 

100076  99-700 

A  was  from  liquor  boiled  to  160^:  the  liquors  became  oxidized 
during  the  causticizing;  but  no  nitre  was  added  in  the  pans.  B 
had  had  nitre  added  in  the  boat  pans.  Both  samples  had  been 
dried  and  pressed  before  analysis. 

These  salts  are  in  some  works  put  into  the  black-salt  mixing  as 
they  are ;  in  others  they  are  first  washed  with  weak  liquors ;  in 
others^  again^  they  are  put  into  the  strong-pans^  where  the  sulphite, 
sulphate,  and  carbonate  sink  down  with  the  other  salts,  the  chloride 
and  caustic  being  dissolved. 

If  the  production  of  70-per-cent  caustic  is  desired,  it  is  best  to 
discontinue  firing  when  the  contents  of  the  pot  have  arriyed  at 
160°  C,  and  to  allow  them  to  settle.  Chloride,  carbonate,  and 
sulphite  now  settle  out,  as  shown  in  the  following  analysis  : — 

Iron  peroxide 1-054 

Sodium  sulphite 3-603 

„       hyposulphite 0*442 

„       sulphate 1*146 

„       chloride 41-535 

„       silicate    0*174 

„       aluminate  0-544 

„       carbonate  11-488 

„       hydrate  19840 

Water  (by  diflT.)  20174 

100000 
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Sometimes  70-per-ceiit.  caustic  is  made  on  the  plan  of  separating 
the  salts  in  one  operation.  In  this  case  the  liquor  from  the  black- 
aah  boat  pans  is  boiled  directly  to  160°  C,  and  allowed  to  settle 
firom  12  to  24  hours,  after  which  the  supernatant  liquor  is  baled  off 
for  finishing. 

The  boiling  of  the  liqaor  is  then  continued ;  and  when  the  tem- 
perature has  reached  180°  C,  it  will  solidify  well  on  cooling  and 
will  contain  about  53  per  cent,  of  alkali.  It  is  now  darker  and 
more  tough  and  treade-like ;  from  this  point  it  exhibits  a  great 
tendency  to  boiling  over,  which  is  kept  down  by  the  attendant  by 
beating  in  a  peculiar  manner  with  his  fishing-shovel  on  tiie  surface 
of  the  liquid,  thus  abating  the  frothing.  It  is  less  troublesome,  but 
decidedly  objectionable,  to  add  some  oil  or  grease.  Now  and  then 
it  happens  that  suddenly  the  largest  portion  of  the  contents  of  the 
pot  is  thrown  out  of  it  with  the  force  of  an  explosion,  especially 
when  fresh  liquor  is  added  and  the  salts  have  not  been  completely 
settled  out.  According  to  Payen's  'Vricia'  {1877,  i.  p.  474),  in 
tbese  pots  inverted  sheet-iron  funnels  may  be  nsed,  3  feet  wide  at 
the  bottom,  14  inches  at  the  top,  with  a  nicked-out  edge,  resting 
about  2  inches  above  the  pot-bottom,  in  order  to  cause  the  froth, 
collecting  in  the  lower  part  of  the  funnel,  to  burst  in  the  upper 
part,  and  to  compel  the  liquid  to  nm  over  the  upper  plate  (to  which 
the  fonnel  is  attached)  into  the  pot  itself.  When  the  mass  becomes 
tougher,  this  funnel  must  be  taken  out.  The  author  has  never 
seen  this  contrivance  applied  to  caustic-pots,  and  cannot  tell  whether 
it  is  actually  used  or  not.     It  is  shown  in  fig.  252. 

Tig.  252. 


When  the  temperature  has  arrived  at  205°  the  boiling  ceases 
almost  entirely ;  and  very  little  steam  is  given  off  now,  although 
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there  is  still  nearly  20  per  cent,  water  present.  About  238®  C. 
the  mass  contains  almost  exactly  60  per  cent,  alkali^  at  243^  61 
per  cent.^  at  260°  about  64  per  cent,  alkali. 

About  this  stage  the  contents  of  the  boiler  show  next  to  no 
motion  except  a  slight  boiling  round  the  edge  of  the  pot^  and  their 
temperature  rises  quickly  beyond  the  range  of  the  mercurial  ther- 
mometer. The  steam  still  given  off  carries  away  small  particles 
of  caustic^  which  have  an  extremely  disagreeable  irritating  effect  on 
the  skin;  besides^  through  the  action  of  the  caustic  soda  upon 
organic  matter^  a  peculiar  pungent  substance  is  generated^  which 
forms  a  kind  of  smoke ;  and  the  surface  of  the  pot  becomes  covered 
with  a  shining  scum  of  graphite^  whilst  round  the  edge  a  separation 
of  reddish  salts  takes  place.  The  formation  of  graphite  was  first 
noticed  by  Pauli ;  it  is  due  to  the  destruction  of  the  cyanogen 
compounds  occurring  at  this  stage.  Now  the  cover  is  put  on  the 
pot  and  the  heat  increased  as  much  as  possible^  which  causes  a 
portion  of  the  graphite  to  be  burnt  again.  When  the  heat  has  got 
up  sufSciently^  the  complete  oxidation  of  the  sodium  sulphide  and 
sulphite  is  effected^  either  by  nitrate  of  soda  or  by  injection  of  air. 
In  both  cases  a  trace  of  unoxidized  sulphur  is  purposely  left  in^ 
because  after  its  complete  oxidation  to  sulphate  green  sodium 
manganate  would  be  formed  j  or  the  green  colour  already  formed 
is  destroyed  by  adding  a  little  sulphur  or  sodium  hyposulphite. 

When  working  with  nitrate  of  soda,  this  is  put  in  gradually^ 
about  2  lb.  at  a  time^  through  the  hole  in  the  comer  of  the  pot. 
At  first  its  effect  is  very  energetic ;  and  it  often  deflagrates  as  soon 
as  it  touches  the  surface  of  the  mass ;  as  soon  as  the  evolution  of 
gas  has  ceased,  more  may  be  added.  Afterwards  the  addition  must 
be  made  with  great  caution ;  and  frequent  samples  must  be  drawD, 
solidified  by  cooling  on  an  iron  shovel^  and  a  few  drops  of  a  solu- 
tion of  lead  acetate  poured  over  them.  When  the  caustic  is  only 
just  coloured  faintly  brown  by  this,  the  further  addition  is  stopped. 
The  whole  operation  usually  lasts  five  or  six  hours.  With  good 
liquors  (from  tank-liquor),  on  the  whole  not  above  40  to  45  lb.  of 
nitre  per  ton  of  caustic  are  consumed^  including  that  which  has 
been  added  in  the  pans. 

When  working  by  a  current  of  airy  a  small  blowing-engine  with 
short  stroke  for  moderate  pressure  must  be  employed ;  and  when 
water  is  used  in  the  blowing-cylinder  for  lubricating  the  piston,  a 
vessel  for  catching  all  water  carried  away  must  be  attached  to  the 


CAcraTic  SODA.  617 

delivery-pipe ;  and  under  no  circumstances  must  water  be  allowed 
to  get  into  the  pot.  The  blowing-engines  usually  employed  in 
Lancashire  have  a  12-inch  cylinder  and  12-inch  stroke^  which  is 
sufficient  for  supplying  three  pots  with  compressed  air.  The 
delivery-pipe  is  2^  inches  wide^  and  is  provided  with  a  cock  and  a 
1^-inch  branch  for  each  pot.  When  a  pot  is  ready  for  blowings  a 
1^-inch  iron  tube  is  introduced  into  it^  ending  below  in  a  perforated 
ring  or  a  branch  pipe  18  inches  long^  till  it  rests  on  the  bottom  of 
the  pot ;  on  the  top  it  is  connected  with  the  corresponding  branch 
of  the  air-pipe  by  means  of  an  india-rubber  pipe  and  a  coupling 
screw.  Before  the  engine  is  started^  the  blow-off  cock  is  opened 
to  remove  any.  collected  water^  and  then  the  communication  with 
the  pot  is  made.  The  contents  of  this  are  put  into  violent  com- 
motion ;  and  after  two  or  three  hours  their  temperature  has  risen 
to  a  red  heat.  If  the  liquor  was  good  and  some  nitre  has  been  put 
into  the  boat  pans^  three  or  four  hours  blowing  is  sufficient ;  if  no 
nitre  has  been  added^  eight  hours  are  required ;  with  bad  Hquor^ 
resulting  from  bad  black  ash  or  careless  lixiviation^  much  more 
time  may  be  needed  (36  hours  even) .  By  too  long  blowings  as 
well  as  by  too  much  nitre^  the  mass  becomes  green ;  and  this  is 
likewise  remedied  by  a  small  piece  of  sulphur  or  by  careful  addition 
of  a  little  liquor  from  a  neighbouring  pot.  According  to  Morrison^ 
for  this  process  10  per  cent,  more  pot  space  is  needed  than  for 
oxidizing  by  nitre^  on  account  of  the  violent  commotion  from  the 
current  of  air.  But  this  does  not  seem  to  be  correct :  the  air  rises 
up  in  minute  bubbles ;  and  boiling-over  is  even  more  easily  avoided 
than  with  nitre.  For  a  ton  of  caustic^  from  24^000  to  30^000  cubic 
feet  of  air  are  required. 

Whether  in  this  operation  the  sulphide  passes  through  the  stages 
of  sulphite  and  hyposulphite  can  hardly  be  decided ;  it  is  scarcely 
probable  that  hyposulphite  can  exist  at  so  high  a  temperature.  In 
any  case  sulphate  is  the  final  product.  The  process  may  be  repre- 
sented either  by  Davis's  third  equation^  or  by  that  of  Pauli^  without 
the  water ;  Davis's  is 

5Na3S  +  8NaNO,=5Na4S04+4Na,0  +  8N  (?). 

It  is  usually  assumed  that  half  of  the  weight  of  nitre  employed 
is  jecovered  as  caustic ;  and  since  the  value  of  the  latter  is  nearly 
always  higher  than  that  of  the  nitrate  of  soda^  it  will  sometimes 
pay  better  to  work  with  the  latter^  and  sometimes  to  work  with  the 
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blowing-engine.  The  alkalimetrical  test^  owing  to  tlie  oxidation  of 
the  sodium  sulphide^  is  lowered  by  1  or  2  per  cent,  with  nitrate^  a 
little  more  with  blowing.  Under  exactly  equal  conditions  some 
works  desulphurize  the  caustic  by  blowings  others  by  nitre.  In 
England  the  former  process  is  much  more  usual  than  the  latter; 
on  the  Continent  it  is  also  the  more  usual  of  the  two.  In  addition 
to  blowings  some  factories  use  a  little  nitrate^  others  none  at  all. 
For  ''cream  caustic '^  from  mother  liquors  (see  below)  nitrate  only 
must  be  used. 

Shanks  (patent  Dec.  22nd^  1863)  proposed  economizing  nitre  in 
another  way.  He  runs  the  liquor,  boiled  down  to  70°  Tw.  (that  is, 
just  on  the  point  of  separating  salts),  upon  a  sufficient  quantity  of 
quicklime  to  absorb  it  completely  and  form  a  thick  paste  with  it. 
For  each  54  parts  alkali,  calculated  as  Na^COs,  42  parts  of  quick- 
lime are  required.  A  violent  reaction  ensues.  Now  the  mass  is 
put  into  a  calcining-fumace  and  treated  by  heat  and  air  just  as  if 
soda  ash  had  to  be  carbonated ;  by  this  the  sodium  sulphide  is 
oxidized  to  sulphite.  When  the  mass  has  become  dry,  it  is  with- 
drawn from  the  furnace,  stirred  up  to  a  paste  in  a  vessel  provided 
with  an  agitator  by  the  assistance  of  water  and  steam,  and  left  in 
till  it  is  completely  causticized.  Then  it  is  filtered  by  means  of  a 
vacuum  and  further  evaporated  as  usual.  This  process  was  carried 
out  on  a  large  scale  at  Shanks's  works  for  some  time,  but  aban- 
doned again  because  there  was  still  ^  to  1  per  cent,  of  nitre  required, 
and  the  saving  of  nitre  could  not  make  up  for  the  considerable  extra 
expense  of  the  process. 

Still  less  would  this  be  expected  firom  Ordway 's  process  (Wagner's 
Jahresb.  1859,  p.  156).  He  adds  to  the  liquor  a  large  quantity  of 
finely  divided  ferric  oxide,  brings  it  to  dryness,  stirs  it  round  for 
several  hours  in  a  dark-red  heat,  till  all  is  oxidized  and  the  red 
colour  of  the  ferric  oxide  prevails ;  then  water  is  added  again,  to 
produce  a  liquor  of  spec,  gravity  1*273 ;  and  this  is  finished  in  the 
ordinary  way.  Even  here  1  per  cent,  nitre  had  to  be  added.  The 
ferric  oxide  in  this  case  is  to  act  as  a  porous  substance  for  prevent* 
ing  the  fusion  of  the  mass,  and  accordingly  must  be  employed  in 
large  quantity.  ^  It  is  doubtful  if  this  very  costly  plan  has  been  so 
much  as  tried  on  a  large  scale. 

When  the  oxidation  is  finished,  a  sample  is  taken,  most  con- 
veniently in  a  mould  such  as  is  used  by  pharmacists  for  sticks  of 
caustic  potash,  and  examined  for  its  amount  of  total  alkali.     Fos 
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60-per-cent.  canstic  it  ought  to  test  64  to  70^  for  70-per-cent. 
70  to  72  degrees  of  available  soda.  The  colour  of  the  mass  varies^ 
according  to  the  mode  of  working,  from  a  light  brown  to  a  deep 
red.  Davis  gives  the  following  complete  analyses  (A  from  a  pot 
at  a  works  where  the  solution  of  the  bottoms  had  been  introduced 
into  the  operation-pan,  B  from  the  same  works  when  the  bottoms 
had  been  sold  separately  and  thus  not  re-introduced  into  the 
process) : — 

A.  B. 

Sodium  hydrate  82193  83-566 

„       carbonate    2-404  8174 

,,      chloride 6*000  .   8-664 

„       sulphate 7-337  3-629 

„       silicate    0*284  0-223 

„       aluminate  1216  0231 

„      sulphide 0-018  0-025 

Insoluble 0-492  0386 


99-944  99-898      ' 

According  to  the  result  of  the  analysis  common  salt  is  added, 
in  order  to  reduce  the  strength  to  the  degree  intended ;  the  boiler 
is  then  brought  to  its  full  heat  again  and  allowed  to  settle.  The 
salt  decrepitates  violently  when  coming  into  contact  with  the  red- 
hot  mass,  and  makes  the  caustic  spirt  about — extremely  annoying 
the  workmen  and  compelling  them  to  wear  veils  and  gloves  during 
this  operation.  If  the  cover  is  taken  off  now,  the  graphite  can  be 
seen  like  a  brilliant  metallic  film  on  the  surface ;  but  after  the 
re-heating  of  the  mass,  which  is  necessary  for  its  settling  after 
being  cooled  by  the  introduction  of  the  salt,  the  graphite  assumes 
the  shape  of  coke-Uke  particles  floating  here  and  there  on  the  red- 
hot  mass.  Ultramarine  also  appears  now,  as  an  amorphous  blue 
deposit,  on  the  edge  of  the  pot  and  its  cover. 

Now  follows  the  settling  in  the  pot,  during  which,  according  to 
Balston's  patent,  the  ferric  oxide  is  deposited  at  the  bottom.  Ac- 
cording to  Pauli,  caustic  liquor,  even  after  dilution,  retains  ferric 
oxide  in  solution  to  the  amount  of  ■r^0(i  ^^  ^^^  weight  of  soda ;  but 
fused  sodium  hydrate  cannot  do  so.  The  caustic  liquor  seems  not 
only  to  act  upon  the  ferric  oxide  (the  rust),  but  even  on  the 
-metallic  iron  itself;   the  latter  is  contradicted  by  most  other 
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observers^  e,g,  Kolb.  At  the  same  time  with  the  iron  the  alumina 
is  precipitated^  either  as  silicate  (Pauli)  or  as  soluble  sodium  alumi- 
nate  (Davis)  ^  and  is  deposited  along  with  the  ferric  oxide.  That 
sodium  aluminate  is  insoluble  in  strong  caustic  and  is  separated 
along  with  the  bottoms^  is  confirmed  by  Morrison. 

The  time  required  for  settling  is  &om  six  to  eighteen^  usually 
from  eight  to  twelve  hours ;  and  during  all  this  time  a  strong  fire 
is  still  kept  up.  The  quality  of  the  product  entirely  depends  on 
the  completeness  of  the  settling.  In  some  works  it  is  continued 
till  a  thick  crust  has  formed  upon  the  surface  of  the  pots,  before 
packing  is  commenced;  this^  however,  can  only  be  done  when 
there  is  pot-room  to  spare.  Some  pots  absolutely  refuse  to  settle 
well,  generally  when  there  is  a  minimum  amount  of  iron  oxide  in 
suspension  along  with  the  tough  sodium  aluminate.  According  to 
Davis  this  happens  most  readily  with  liquors  completely  oxidised  in 
causticizing,  in  which  the  sodium  sulphide  has  been  oxidized  to 
hyposulphite  and  cannot  subsequently  dissolve  the  iron  of  the  pans 
to  ferro-sodium  sulphide.  An  excess  of  ferric  oxide  causes  good 
settling ;  hence  Davis  proposes  introducing  some  iron  oxide  when 
the  temperature  has  risen  to  205^  C. ;  but  his  proposal  does  not 
seem  to  have  been  carried  out  in  practice.  * 

Sometimes  it  happens  that  a  pot,  although  dear  when  well  fired, 
assumes  a  milky  tinge  on  cooling,  and  afterwards  a  portion  in  the 
drums  will  be  found  slightly  discoloured ;  on  solution  in  water  a 
small  quantity  of  a  white  precipitate  is  obtained,  sometimes  be- 
coming brown  by  exposure  to  the  air,  and  consisting  chiefly  of 
alumina  and  lime  coloured  by  minute  traces  of  manganese  or 
iron.  This  can  only  happen  when,  from  badly  settled  liquor  or 
otherwise,  lime  has  been  admitted  inadvertently. 

After  sufficient  settling  in  the  pot,  packing  into  the  drums  com- 
mences. These  are  sheet-iron  casks,  of  the  shape  shown  in  fig.  253, 
1  ft.  8  in.  wide  and  2  ft.  4^  in.  high  without,  or  2  ft.  8  in.  with 
the  hoops  binding  the  ends.  At  the  top  they  have  a  round  hol^ 
for  filling,  afterwards  closed  by  a  cast-iron  slide,  generally  marked 
with  the  name  of  the  firm.  Besides,  there  is  a  small  hole,  through 
which  the  air  escapes  on  filling,  and  which  permits  the  progress 
made  in  filling  to  be  observed.  The  joints  are  made  good  with 
plaster  of  Paris.  Such  a  drum  weighs  21  lb.,  and  holds  nearly 
6  cwt.  of  caustic.  It  is  emptied  either  by  knocking  off  the  hoops 
and  rivets,  whereupon  the  whole  block  falls  out  in  a  piece,  or  by 
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Fig.  263. 


opening  the  slide  and  steaming  oat.  In  Germany  the  packing 
described  on  p.  593  is  usually  preferred. 

Two  or  three  rows  of  such  drums  are  placed  round  the  pot,  and 
they  are  filled  one  after  another  by  means  of  a  sheet-iron  shoot, 
into  the  wider  end  of  which  the  fluid  caustic  is  poured  by  means 
of  a  scoop.  If  the  article  does  not  run  entirely  transparent  and 
colourless  out  of  the  scoop,  but  shows  the  least  opacity,  it  is  not 
up  to  the  standard ;  even  if  a  sample  taken  from  the  top  be  quite 
good,  the  centre  of  the  dmm  will  be  of  a  dirty-grey  colour.  Tbe 
drums  should  not  be  filled  up  all  at  once,  but  in  three  or  four  por- 
tions; otherwise  on  cooling  a  hollow  space  will  be  formed  in  tbe 
axis  of  the  drum,  taking  away  about  one  tenth  of  tbe  space,  and 
causing  an  extra  cost  of  1j>.  6d.  to  2s.  per  ton  of  caustic  for  packing. 
Olendinning  and  Edger  (Cbem.  News,  xzvii.  p.  199)  assert  that 
the  composition  of  caustic  is  not  the  same  in  all  parts  of  the  drums ; 
three  samples  which  were  taken,  a  I  inch  from  the  outside,  b  about 
&  inches  nearer  the  centre,  and  c  from  the  centre  itself,  showed  on 
analysis — 

a.  i.  o. 

66-9  69-r  61-6  per  cent,  available  alkali, 

while  the  sample  taken  donng  the  packing,  and  consequently  reli- 
able, showed  66*8  per  cent.,  thus  being  identical  with  the  outer 
crust  of  the  block.  They  ascribe  this  difference  to  the  circumstance 
that,  on  solidif3ring,  tbe  water  has  a  greater  affinity  for  the  liquid 
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than  for  the  solidified  portion  [this  is  very  questionable !]  ^  and  con- 
sequently accumulates  in  the  ceutre^  which  solidifies  last.  Morrison 
entirely  denies  the  difierence  of  quality  within  the  same  drum ;  he 
never  found  more  than  0*2  per  cent,  difference  in  testing  any 
portion  of  a  block. 

When^  in  packings  the  lower  portion  of  the  pot  is  reached^  gi'^eat 
care  must  be  taken.  As  soon  as  the  mass  becomes  in  any  way  of 
doubtful  quality^  the  packing  is  discontinued^  and  the  doubtful 
portion  baled  over  into  a  neighbouring  pot  till  the  proper  bottoms 
are  reached.  These  are  but  rarely  of  a  sufficiently  light  colour  to 
be  also  baled  over  into  another  pot.  Moreover  the  iron  and  alu- 
mina must  be  removed  at  some  stage  of  the  manufacture ;  it  is 
therefore  much  more  usual  to  pack  the  bottoms  (which  amount  to 
9  or  11  per  cent,  of  the  caustic  produced)  into  separate  drums  and 
sell  them  as  such^  or^  if  they  do  not  fetch  a  reasonable  price^  to 
pour  them  into  iron  boxes^  break  them  up  after  cooling,  and  redis- 
solve  them.  This  is  done  in  a  special  smaU  tank  by  the  help  of 
steam ;  and  all  the  strongly  alkaline  fished  salts  and  other  by- 
products are  added;  the  solution  is  brought  to  48°Tw.,  completely 
settled^  and  the  clear  liquor  either  added  to  the  liquor  in  the 
operation-pan  or  treated  as  indicated  lower  down.  The  residue^ 
chiefly  consisting  of  ferric  oxide^  is  thrown  away. 

The  following  is  the  composition  of  the  bottoms  of  60-per-oent, 
caustic,  according  to  Davis : — ^A,from  a  pot  very  red  before  salting; 
B,  from  a  pot  the  liquor  of  which  had  been  thoroughly  oxidized 
during  causticizing;  C,  from  liquors  only  partially  oxidized  during 
causticizing.  The  analyses  show  what  becomes  of  the  alumina  and 
iron: — 


A. 

B. 

0. 

Insoluble  matter. . . 

28000 

1-948 

4-664 

Sodium  hydrate  . . . 

58-888 

70-896 

71-886 

„      carbonate . 

trace 

none 

0-722 

„      chloride  . . . 

6135 

14-040 

10-729 

„      sulphide . . . 

0132 

0054 

0-116 

„      sulphite  ... 

0151 

0-063 

0-074 

„      sulphate . . . 

5-534 

8-526 

4-624 

„      silicate   ... 

0-683 

trace 

trace 

„      aluminate . 

5-661 

9-556 

7-183 

100-184        100-088 
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Composition  of  the  insoluble  matter  of  A  and  C : — 

A.  0. 

Graphite 2146  1'179 

IroBL  peroxide 93000  94*006 

Calcium  oxide    4*332  4*289 

Manganese    oxide.  mag-1-.„^„  ^  ,.«^ 

r.J;^  «,«  J.  0-522  0-526 

nesia^  &c J 

100000  100-000 

The  bottoms  are  usually  sold  on  the  basis  of  54  per  cent,  alkali; 
and  if  they  test  more  they  are  reduced  to  54^  by  fished  salts. 

A  peculiar  way  of  packing  caustic  very  much  in  favour  in  Ame- 
rica^ especially  for  making  soap  in  households^  is  in  tin  canisters 
of  1  lb.  each^  or  in  balls  with  a  covering  of  rosin.  The  Philadelphia 
Salt-Manufacturing  Company  at  Natrona^  near  Pittsburgh  who  in- 
troduced the  caustic  thus  packed  as  the  '^  Patent  Saponifier^^'  in 
1875  sold  10^400^000  pieces.  The  canisters  are  made  by  special 
machinery^  and^  after  filling  and  soldering  up^  are  protected  against 
rusting  by  a  film  of  carbon^  produced  by  dipping  a  number  of  the 
canisters  at  a  time  by  means  of  a  wire  nettings  into  petroleum^ 
which  is  then  burnt  off^  leaving  a  closely  adhering  thin  film  of  soot 
on  the  metallie  surface  (Ooldschmiedt^  Austrian  Reports  on  the 
Philadelphia  Exhibition^  vol.  vii.  p.  16). 

The  analyses  by  Benner  and  Beichardt  (from  Knapp's  '  Chem. 
Technologic/  i.  2^  p.  458)  refer  to  products  quite  unsaleable  in 
England,  and  now-a-days  also  in  Oermany.  Those  of  Benner  are 
very  suspicious,  firom  the  total  absence  of  sodium  chloride. 

In  England*  every  thing  is  calculated  as  '^  alkali  ^^  which  neutra- 
lizes the  test-acid — that  is,  especially  also  the  carbonate,  of  which, 
however,  usually  a  maximum  of  2  or  3  per  cent,  is  stipulated.  In 
Germany  the  carbonate  is  not  paid  for  at  all,  and  only  the  real 
caustic  is  reckoned,  but  (very  strangely)  expressed  in  parts  per 
cent,  of  carbonate,  as  mentioned  on  p.  546. 
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Whether  the  following  analyses^  by  Tissandier  (Monit.  Scientif. 
1868^  p.  909}^  refer  to  white  or  cream  caustic^  is  not  stated;  the 
'^  English "  caustic^  to  judge  firom  its  strength^  seems  to  have 
l>een  white. 


iVenoh  Oaustia 

English  Gaofltic. 

Inferior  Oaustic. 

Water    

4-38 

11-32 

3-41 

6-68 

76-21 

3-31 

12-22 

2-00 

9-82 

72-66 

3-71 
3-90 
2-60 
3-69 
86-10 

0-69 
7-23 
1-00 
3-46 
87-73 

0-68 
6-89 
1-32 
3-68 
87-60 

1-11 
6-60 
2-10 
6-48 
86-71 

101 

18-86 

7-42 

6-48 

6612 

0-92 
19-76 

3-09 
34-63 
41-60 

0-99 
17-47 

2-36 
38-37 
40-81 

Sodium  chloride  

»       sulphate 

„       carbonate    ... 
,»       hydrate   

Total   

99-90 

100-00 

lOOOO 

100-00 

100K)7 

100-00 

99-89 

lOOOO 

100-00 

Percentage  of  NaaO... 

68-10 

66-30 

66-67 

6800 

67-80 

66-40 

61-24 

32-24 

31-60 

The  last  two  analyses  of  inferior  caustic  refer  to  an  article  which 
ought  not  to  occur  in  commerce  at  all.     The  percentage  of  available 
alkali  is  not  calculated  in  the  English  way  (from  caustic  and  car- 
bonate together),  but  in  the  German  way  (from  caustic  only). 
Tissandier's  an  Jyses  are  rendered  suspicious  by  the  fact  that  they 
do  not  mention  any  oxidizable  sulphur  compounds,  nor  silica  aud 
alumina,  and  yet  all  sum  up  to  lOO'OO,  the  water  having  been 
estimated  directly :  the  exceptions  to  the  above  are  not  shown  in 
Tissandier's  Table   (where  they  are  all  summed  up  to  100*00), 
but  come  out  as  such  on  adding  up  the  items.     For  ordinary 
commercial  analyses  an  estimation  of  the  total  alkali  and  that  of 
the  real  caustic  are  sufficient,  according  to  p.  545.     As  a  check,  ia 
the  washed  precipitate,  containing  carbonate  and  sulphate^  the 
carbonate  can  be  estimated  by  dissolving  in  standard  hydrochloxic 
acid  and  titrating  back  with  standard  soda. 

Messrs.  Oaskell,  Deacon,  and  Co.,  at  Widnes,  for  some  time 
manufactured  crystallized  caustic  according  to  a  patent  of  Deueon's 
(April  10th,  1862),  by  drawing  off  the  liquor  before  it  readxed.  tbe 
stage  at  which  it  would  solidify  on  cooling,  at  a  boiling-poixLt  of 
about  177^  C,  cooling  down  to  70°,  and  allowing  it  to  crystaUii© 
for  a  long  time  at  48®  in  thin  cast-iron  boilers  provided,    ^witb.  ft 
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plug-hole  in  the  bottom.  The  crystals  were  separated  from  ihe 
mother  liquors^  melted  up  agaiu^  and  packed  as  usual  in  iron 
drums.  Their  quality  was  yery  fine;  the  composition  of  this 
caustic  wfts — 

Na^O   50-5 

NagSgOg  0*5 

NaCl    V8 

HjO 47-2 
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In  spite  of  the  purity  of  the  product^  this  manufacture  haa  had  to 
be  given  up  again^  because  it  did  not  pay. 

Hermes  (Deutsche  chem.  Ges.  Ber.  iii.  p.  122)  during  a  hard 
winter  obtained  from  a  strong  caustic  liquor  (spec.  gray.  1'865) 
fine^  glass-like^  transparent  colourless  prisms,  melting  at  6°  C, 
showing  the  specific  gravity  1*405  and  containing  80*09  per  cent 
Na^Oj  corresponding  to  the  formula  2NaOH + 7  HjO. 

Cream  Caustic. 

This  is  sometimes  made  direct  firom  tank-liquor,  but  mostly 
firom  red  liquors.  From  these  also  by  slpecial  care  white  caustic 
can  be  made  by  fishing  for  a  longer  time;  keeping  the  temperature 
before  the  last  settling  as  high  as  possible,  and  waiting  long  enough 
(till  the  pot  is  covered  with  a  thick  crust)  before  packing.  Thus 
at  Aussig  all  the  red  liquors  are  worked  up  into  white  caustic  of 
73  per  cent,  available  soda  as  caustic  only  (without  the  carbonate), 
without  any  previous  oxidation  by  a  current  of  air,  and  without 
any  nitre  whatever;  all  the  oxidizing  is  done  by  blowing  dniing 
Igneous  Aision.  Often  red  liquor  and  tank-liquor  are  mixed 
together,  causticized  by  lime,  and  worked  in  the  usual  way  for 
70-per-cent.  white  caustic.  But  mostly  from  red  liquors  only 
cream  caustic  is  made^  along  with  the  solution  of  the  bottoms 
previously  mentioned,  and  sometimes  also  with  a  little  tank-liquor. 
Causticizing  with  lime  is  not  necessary,  as  the  red  liquors  are 
caustic  enough  without  that.  We  have  previously  given  analyses 
of  such  liquors;  but  we  subjoin  another  imalyBis  (by  Davis)  of  i 
red  liquor  directly  before  working  up  for  cauistic  of  62^  Tw. 
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Iron  sulphide 0-818 

Sodium  bisalphide 0*195 

„      sulphide 6'256 

„       sulphite 16022 

„      hyposulphite 7'858 

„      sulphate 14*848 

„      chloride 65-526 

„       silicate  9*677 

f,      aluminate 1*031 

„      carbonate 79*966 

hydrate 194*400 

w 

99 


39 

sulphocyanide  0*261 

ferrocyanide 0*423 


Grams  per  litre  396*776 


w 


The  completely  settled  red  (or.  other)  liquors  are  boiled  down  in 
a  long  wrought-iron  pan^  separately  fired^  and  the  salts  fished  out 
from  time  to  time.  When  the  contents  have  reached  70°  Tw.  or  the 
temperature  121°  C.^  the  pan  is  allowed  to  cool  and  the  salts  are 
well  fished  out.  The  fire  is  applied  again ;  about  2^  to  8  cwt.  of 
nitrate  of  soda  per  ton  of  caustic  are  added ;  the  boiling  is  continued 
till  94^  Tw.  or  a  temperature  of  182^  C.  has  been  reached ;  a  little 
more  nitrate  is  added^  in  case  the  first  quantity  was  not  suficient ; 
the  liquor  is  allowed  to  cool  for  one  or  two  hours^  and  run  into  a 
settler.  The  remaining  salts  are  washed  with  a  little  water  (which 
may  be  added  to  the  next  portion)^  in  order  to  remove  the  nitrate; 
they  are  now  taken  out^  drained,  and  worked  Up  for  "  caustic  ash.'' 
When  the  liquor  has  been  causticized  by  lime,  nothing  like  so  many 
salts  are  separated,  and  cast-iron  boat  pans  may  be  employed.  The 
completely  cleared  liquor  is  run  into  a  caustic-pot.  It  has  a  dark 
straw-colour,  and  on  boiling  gives  out  ammonia  in  large  quantity. 
All  the  nitrate  is  added  firom  the  first,  in  order  that  no  more  of  it 
may  be  required  in  finishing.  Blowing  .by  air  is-  not  applicable  for 
cream  caustic,  because  the  temperature  does  not  rise  sufSciently  for 
that.  The  contents  of  the  pot  are  carefully  concentrated  till  they 
have  attained  the  usual  strength  of  cream  caustic  (60  per  cent.) . 
As  igneous  fusion  is  never  reached^  this  article  contains  much 
water. 
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Now  and  then  (but  only  with  careless  firing)  a  batch  becomes 
red ;  and  as  it  is  not  possible  to  remedy  this  in  the  same  way  as 
with  white  caustic^  the.  temperature  not  being  high  enough^  the 
whole  must  be  packed  as  it  is^  and  sold. for  what  it  fetches;  or  the 
heating  must  be  continued  up  to  igneous  fiision,  and  white  caustic 
made  of  it.  For  the  same  reason^  no  ''  bottoms ''  are  separated^ 
but  the  whole  contents  of  the  pot  are  packed  right  away^  beginning 
directly  after  the  boiling  has  ceased. 

Morrison  states  that  the  usual  composition  of  cream  caustic  is 

NaOH 70-0 

NajCOa    50 

NaCi    70 

NajSO^    2-0 

H,0 15-8 

•  Insoluble 0-2 


10000 


Factiiiota  Potash. 

Under  this  extremely  inappropriate  name  is  (or  was)  sold  a  pro- 
duct which  was  to  imitate  American  stone  ash.  It  varies  in  colour 
from  red  or  pink  to  yellow^  and  is  obtained  by  carrying  on  the  con- 
centration of  the  caustic-soda  liquor  only  so  feu*  that  it  just  solidifies 
on  cooling.  It  readily  attracts  water^  of  course^  and  melts  very 
easily.  Often  it  is  mixed  with  two  thirds  of  its  weight  of  common 
salt ;  and  the  red  colour  is^  if  necessary^  artificially  given  by  add* 
ing  during  the  concentration  1  per  cent,  of  sulphate  of  copper  and 
stirring  round  with  a  wooden  pole^  so  that  red  cuprous  oxide  is 
formed.  Of  course  this  article  is  only  sold  by  unscrupulous 
dealers^  and  bought  by  very  ignorant  consumers.  It  is  said  to 
have  been  first  made  by  a  French  manufacturer  of  the  name  of 

Ador. 

Costs. 

In  the  direct  manufacture  of  caustic  from  tank-liquor^  with 
rationally  conducted  work  a  yield  of  54  to  57  parts  of  60-per-cent. 
caustic  on  the  sulphate  is  reckoned,  including  the  bottoms,  which 
amount  to  9  or  11  per  cent,  of  the  caustic;  with  red  liquors  they 
amount  to  12  or  14  per  cent.     Of  common  salt  for  reducing  to  60 
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per  cent.  15  or  16  parts  to  1000  of  finished  caustic  are  required ; 
of  nitrate  of  soda  1^  to  2  parts^  half  of  which  is  recovered  as 
caustic. 

The  total  consumption  of  coals^  according  to  Morrison^  in  some 
works  exceeds  7  tons  for  each  ton  of  caustic^  but  in  well-managed 
works  need  not  exceed  6  or  6^  tons ;  it  is  distributed  as  follows : — 

Black-ash  furnaces^  mixing-coals 1  ton. 

„  „        firing-coals 2  tons. 

Boat  pans    2    „ 

Caustic-pots    1  ton. 

Steam-boilers i  „ 


6^  tons. 

For  cream  caustic  from  red  liquors  a  good  deal  of  the  cost  of 
concentration  is  saved^  since  liquor  of  60°  Tw.  is  commenced  with ; 
but^  on  the  other  hand^  at  least  5  per  cent,  of  nitrate  of  soda  on  the 
caustic  are  consumed. 

The  wages  are  stated  by  Morrison  as  follows  for  a  ton  of  60-per- 
cent, caustic  (in  1874)  : — 

£  «.    d. 

Black-ash  men  (at  b^d.  per  ball)    0  5    3 

Mixing  and  laying  down  at  fomaces 0  2    6 

Wheeling  coals  and  ashes   0  2    0 

Attending  the  tanks  and  the  tank-waste  0  2    8 

Spare  black-ash  men  (wheeling  fishings &c.) ...  0  1     8 

Steam-boilers  .*• 0  18 

Foreman  0  8    0 

Operation-pans 0  2    4 

Boat  pans 0  2    6 

Finishing-pots 0  4    0 

Filtering   ....* 0  14 

Weighing 0  16 

Unloading  and  loading  {2^d.  per  ton)    0  2    8 

Yard  labourers 0  2     0 

Carry  forward 1  14    8 
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Brought  forward.  • 1  14    8 

Besides^  for  Repairs : — 

£  3,    d. 

Blacksmitlis   , 0  16 

Carpenters 0  0  10 

Bricklayers 0  16 

Fitters 0  16 


0    5     4 


2     0    0 


The  total  costs  in  1874  (when  every  thing  was  very  dear)  are 
stated  by  Morrison  as,  per  ton  of  60-per-cent.  caustic : — 

£  8.  d,  £  3,  d. 

Coals,  Gitona atO    7    0  2    5    6 

Sulphate  of  Boda,  1  ton  17  cwt „3    5    0  6    0    3 

Limestone,  1  ton  2  cwt „0    6    8  0    7    4 

Lime,  llcwt    „1    0    0  0  11    0 

Salt,  3cwt ,,0  18    4  0    2    0 

Nitrate  of  soda,  40  lb „0    0    4  0    6    0 

Wages   2    0    0 

Water    0    16 

Packages   0  16    0 

Loading  and  shipping 0  16    0 

Office  expenses  and  management   0    6    0 

Interest  on  capital,  writing  off,  small  stores,  Ao. 0  16    0 


Total  cost  (free  on  board)  at  Liyerpool 14    4    7 

More  favourable  in  the  more  important  points  are  the  following 
figures^  obtained  from  a  trustworthy  source^  upon  the  materials  and 
wages  required  for  1000  tons  of  60-per-cent.  caustic : 

Excellent^ 
Ordinary  work.      but  actual 

work, 
tons.  tons. 

Ooals 5760  6271 

Sulphate  of  soda 1826  1760 

Limestone   625  520 

Lim©    875  891 

Nitrate  of  soda  21J  214 

Salt 75  64 

Wages je2000  X1600 
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The  greatest  consumption  of  caustic  is  in  soap-  and  papermaking^ 
eRpecially  for  straw-^  Esparto-^  and  wood-pulp^  less  so  in  bleaching 
fabrics.  It  is  used  in  manufacturing  oxalic  acid^  and  recently  in  the 
manufacture  of  alizarine,  resorcine^  and  other  hjdroxylated  com- 
]K)und8  obtained  by  alkaline  fusion^  for  purifying  mineral  oUs^ 
&c. 

The  manufacture  of  caustic  soda  has  very  much  increased  of  late. 
In  1867^  on  the  Tyne^  3720  tons  were  made^  in  Lancashire  11^213 
tons ;  since  then  the  production  has  at  least  doubled.  In  Germany 
in  1872  in  nine  works  1165  tons^  but  in  1875  already  6165  tons 
were  made. 
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CHAPTER  XIV. 


TANK-WASTE. 


When  describing  the  lixiviation  of  black-ash^  we  mentioned  the 
residue  insoluble  in  water  which  has  at  last  to  be  removed  from 
the  tanks  to  make  room  for  more  black  ash.  This  residue  (tank- 
waste  or  vat-waste)  is  a  source  of  great  inconvenience  to  alkali- 
makers^  so  much  so  that  perhaps  most  of  the  proposals  for  other 
processes  than  Leblanc^s  have  been  occasioned  by  it:  What  ap- 
pearance fresh  tank-waste  ought  to  have^  we  have  already  seen 
(p.  479).  In  this  damp  state  it  is  a  dark  grey  or  black  mass^ 
chiefly  consisting  of  calcium  monosulphide^  with  an  excess  of 
calcium  carbonate  and  hydrate  and  a  series  of  other  matters^  as 
the  subjoined  analyses  (Table^  pp.  634^  635)  show.  Its  dark 
appearance  is  partly  caused  by  unbumt  carbon^  partly  by  iron 
sulphide. 

It  is  hardly  necessary  to  mention  that  the  grouping  of  the  con- 
stituents on  the  part  of  the  difEerent  analysts  is  quite  arbitrary. 
The  sodium^  for  instance^  is  once  quoted  as  sulphide,  once 
as  carbonate^  and  once  as  aluminium  sodium  silicate;  m  one 
quotes  it  as  calciimi  sodium  carbonate^  the  existence  of  which 
Scheurer-Kestner  has  rendered  very  probable.  The  analyses  also 
ought  to  distinguish  between  the  portion  soluble  and  that  insoluble 
in  water.  The  hypothetical  calcium  oxysulphide  in  all  these 
analyses  has  been  calculated  into  CaS  and  Ca(0H)2. 

The  damp  waste  soon  changes  in  the  air,  under  the  influence  of 
oxygen  and  carbonic  acid^  more  or  less  quickly  according  to  cir- 
cumstances^ but  always  with  evolution  of  heat  in  consequence  of 
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i  ts  oxidation.  With  large  qaantities  the  heat  of  tank-heaps  increases 
ixL  a  few  days  so  much  that  the  heap  becomes  red-hot.  As  in  the 
meantime  sulphur  has  been  separated^  this  burns^  and  the  smell  of 
SOg  is  very  perceptible.  Along  with  this,  owing  to  the  action  of 
&1:mo8pheric  COj  on  the  soluble  calcium  sulphides,  and  more  so  of 
-tkxe  SO,  and  SO4H2,  evolution  of  HjS  sets  in.  We  have  already 
(p.  454)  seen  how  the  oxidizing  process  must  be  understood,  and 
^what  part  ferric  oxide  plays  in  it  From  the  insoluble  CaS  are 
formed  soluble  calcium  sulphhydrate,  polystdphides,  hyposulphite, 
a.iid  the  corresponding  sodium  compounds,  besides  insoluble  cal- 
cium sulphite  and  sulphate.  The  latter  decomposes  any  sodium 
c&rbonate  into  sodium  sulphate  (which  is  sometimes  found  as  an 
efflorescence)  and  calcium  carbonate.  The  oxidizable  sulphur  com- 
pounds of  calcium  and  sodium  are  then  further  oxidized,  the  hypo- 
sulphite with  separation  of  sulphur,  which  partly  crystallizes  out 
as  such,  similarly  as  in  solfataras,  partly  makes  more  CaS  soluble 
by  the  formation  of  polysulphides.  Kuhlmann  found  in  tank-heaps 
beautiful  gold-coloured  crystals  of  CaS03+2CaS  +  6HjO. 

Finally  there  ought  to  be  nothing  present  but  calcium  carbonate 
and  sulphate,  sodium  sulphate,  cidcium  and  aluminium  silicate, 
ferric  oxide,  coal,  and  other  indifferent  and  entirely  harmless 
matters.  But  it  takes  many  years  before  the  oxidation  of  large 
heaps  is  finished.  Even  after  30  or  40  years  unoxidized  sulphur 
is  found  in  the  interior  of  such  heaps,  which  thus  may  yield  yellow 
liquors  (see  below). 

Dr,  Smith  (Inspector's  Report,  1877-78,  p.  42  seq.)  found  that, 
on  passing  air  through  a  magma  of  gypsum  and  calcium  sulphide 
with  very  little  manganese  peroxide,  all  the  sulphate  was  destroyed, 
hyposulphite  being  formed.     According  to  him,  even  sulphites 
cannot  be  formed  as  long  as  calcium  sulphide  remains  to  prevent 
an  excess  of  oxygen.      If  the  latter  be  in  excess,  sulphite  and 
sulphate  are  formed,  but  are  reduced  to  hyposulphite  in  passing 
through  the  heaps  of  tank- waste,  where  they  meet  CaS .      Dr.  Smith 
thinks  it  possible  thus  not  only  to  obtain  the  sulphur  from  fresh 
tank-waste,  but  also  from  the  fully  oxidized  heaps — nay,  even  from 
natural  selenite.     But  the  details  of  the  process  are  not  dear  to 
himself  yet,  and  he  leaves  the  working-out  of  this  idea  to  the 

future. 

Owing   to  the  oxidizing  processes  described,  it   is    out  of  the 
question    to   simply  throw   the  tank-waste  onto  waste    ground, 
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Composition  of 


Sodimn  sulphide 

„      carbonate    

tf      chloride  

t,      oxide  (Na^O) 

Oaldnm  sulphide  (OaS) 

,,       bisulphide  (OaS,) 

f,       hydrate  

„       carbonate  

,.       silicate    

,f       sulphate 

,,       sulphite 

„       hyposulphite 

Magnesium  silicate 

t\  oxide  or  carbonate 

,f  aluminate 

Silica  (combined) 

Iron  sulphide 

„    peroxide  

Alumina    

Aluminio-Bodium  silicate    

Carbonate  or  Ooke  

Sand 

Water   , 

Total , 


1. 

From 
Bingkuhl. 

Unger. 


1-78 


29-ao 

4-67 
14-85 
19-56 


3-69 

412 
6-91 


370 


2-60 
8-09 
6-05 


100-32 


2. 


Brown. 


1309 


24-700 
3-583 
9-780 

24-220 


4-281 

trace 
6-987 


6-716 


12-709 
5-746 
2100 


100-131 


3.        I        4. 

Dieuze. 

' • s 

Works.    Laboratory. 
^ ^ . 

Hofmann. 


9-94 


015 


38-00 


1477 
26-62 

2-60 


2-60 
2-91 

5*36 


102-94 


4-66 


35-00 

1375 
21-64 

8-97 


•••••• 


•••••> 


231 


4-22 


2-84 
315 
3-82 


100-15 


Bwnarks. — (1)  From  Liebig's  Jahresb.  1847-48,  p.  1047.  It  was  eTidently  partly 
oxidized.  Combined  water  2*56,  hygroscopical  3*45  per  cent.  (2)  This  waste  also  (from 
a  factory)  was  partly  oxidized.  It  contains  an  abnormally  high  quantity  of  coal  and 
magpesium  compounds.  (5  and  6)  No  coal  or  sand  are  mentioned  here?  (7)  From 
Wagner's  Jahresb.  1866,  p.  164.  This  was  thoroughly  weathered  residue.  Oaleinm 
sulphate,  sulphite,  and  hyposulphite  are  put  in  with  their  water  of  erystallizatioo. 
Total  water  escaping  on  calcining  10*780  per  cent.  (7,  8,  9)  From  Dingler's  Journal, 
cxcii.  p.  61.  The  waste  was  fresh,  but  had  been  completely  washed  with  eold  water 
and  dried  on  a  fire-brick  slab,  by  whidi  treatment  it  had  evidently  been  partly  oxidised. 
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Tank^waste. 


5. 

6. 

7. 

8. 

9. 

10. 

11. 

Liyerpool. 

A. 

German 
works. 

Petersen. 

Saarau  works. 

South 
BhieldB. 

Lunge. 

Fresh.      6  weeks  old. 

Muspratt  and  Danson. 

7 

Bichters. 

2-87 

1-44 

0-568 
0-086 

3-96 

2-62 

2-10 

1-89 

86-70 

25-79 

8*441 

37-62 

3804 

39-10 

39-42 

0-62 

6-97 

•  •  •  t  •  • 

911 

6-59 

6-49 

700 

7-25 

9-96 

23*42 

41-20 

36-884 

2318 

22-24 

• 

24-02 

22-64 
3-19 

4-69 

2-53 

4-721 

1-68 

1-01 

1-38 

iraoe 

' 

24-180 

0-74 

0-31 

0-63 

2-607 

2-69 

302 

2-36 

1-78 

3-63 

trace 

•«•••• 

1-742 

0-64 

0-64 

0-70 

• 

4-24 

4-03 

4-62 

^^  •  «  •  • 

1-88 

1-76 

2-01 

307 

7-40 

8-91  { 

1-337 
3-676 

2-11 

2-02 

2-00 

076 

■ 

6-873 

6-41 

6-00 

6-39 

2-36 

6-294 

7-74 

6-82 

7-21 

13-72 

1361 

3-86 

3-642 

2-32 

3-29 

1-61 

100-00           99-92 

100-000 

99-26 

9817 

101-06 

99-06 

(11)  Own  analjBiB  of  a  sample,  taken  by  the  author  from  a  freshly  washed  tank,  at 
onoe  tightly  closed  up  in  a  bottle  and  weighed  in  the  damp  state  with  all  expedition. 
The  water  was  estimated  separately,  and  the  results  calculated  upon  dry  substance,  but 
without  any  "correction ;"  in  the  fresh  state  the  moisture  amounted  to  31-60  per  cent. 
Thus  the  real  composition  of  tank-waste  as  it  comes  direct  from  lixiviation  was 
found ;  hence  probably  no  calcium  polysulphidee,  nor  sulphite  or  sulphate  was  found. 
The  soda  was  present  partly  in  the  soluble,  partly  in  the  insoluble  state ;  it  is  all  cal- 
culated as  Ka^GOg.  The  quantity  of  sand  was  abnormally  large;  but  otherwise  the 
waste  was  completely  normaL 
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perhaps  even  mixed  with  burnt  pyrites^  ashes^  rubbishy  &c.  The 
smell  would  soon  become  a  nuisance  to  the  neighbourhood ;  and 
especially  the  drainage  of  the  yellow  liquors^  through  the  soluble 
sulphides  being  washed  out  by  rain  water^  would  be  quite  unbear- 
able. This  can  be  remedied  to  a  certain  extent^  but  only  very 
partially^  by  spreading  the  waste  in  thin  layers  by  itself^  not  mixed 
with  any  other  rubbish,  and  beating  it  to  as  hard  a  consistence  as 
possible^  covering  this  layer  with  another,  and  so  forth.  As  soon 
as  any  cracks  appear,  they  must  at  once  be  beaten  up  with  a  shovel. 
In  this  way,  by  the  hardening  of  the  surface,  the  decomposition  is 
made  very  slow  and,  accordingly,  less  intense.  Thus  whole  hills 
have  been  raised  near  many  large  alkali- works ;  railway  embank- 
ments, party <- walls,  &c.  have  been  made  from  it.  But  such  tank- 
heaps  sometimes  take  iSre,  if  the  oxidation  in  their  interior  becomes 
so  violent  that  large  rents  are  formed  through  which  the  red-hot 
interior  can  be  seen ;  in  this  case  much  SO3  and  H^S  is  given  off. 
Such  fires  are  often  not  easily  put  out. 

These  tank-heaps  already  amount  to  a  great  nuisance.  They 
take  up  very  much  space,  since  for  each  ton  of  soda  ash  2  tons  of 
damp  or  1^  ton  of  dry  waste  are  got — a  little  less  with  Mactear's 
process.  But  this  is  nothing  when  compared  with  the  annoyance 
caused  to  the  neighbourhood.  In  dry  weather  the  tank-heaps, 
unless  they  are  on  fire,  do  not  usually  smell  at  all,  or  very  little ; 
but  even  then  sometimes  the  smell  cannot*  be  kept  down,  and  in 
damp  weather  the  sulphuretted  hydrogen  infects  the  air  for  a  great 
distance.  This  nuisance  in  the  case  of  old  heaps  can  be  greatly 
abated  by  covering  them  with  a  layer  of  fresh  soil,  or,  still  better,  of 
burnt  pyrites ;  for  new  heaps  this  would  require  an  enormous  area. 
But  much  worse  than  the  smell  of  the  heaps  themselves  is  the 
liquid  formed  by  the  action  of  the  rain  water  on  the  soluble  sul- 
phides of  the  heap,  and  oozing  out  at  its  foot.  It  is  a  yellow 
stinking  liquor,  which  gives  off  HjS  even  by  the  action  of  the  COj 
in  the  air,  but  much  more  by  that  of  the  air  of  the  drains^  which 
contains  much  more  CO^,  or  the  acid  liquids  run  to  waste  from  the 
works.  These  yellow  liquors  can  only  be  kept  under  in  specially 
favourable  circumstances ;  wherever  they  come  they  cause  mischief. 
If  run  into  a  watercourse,  they  make  it  entirely  unfit  for  drinking. 
Even  where  this  does  not  matter,  they  still  kill  all  the  fish,  and 
and  may  damage  the  foundations  of  houses.  When  they  get  into 
drains  which  are  in  communication  with  occupied  dwellings,  the 
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quantity  of  gas  escaping  from  them  sometimes  overcomes  the  slight 
resistance  offered  by  the  water-lutes^  and  penetrates  into  the  houses^ 
which  it  renders  all  but  uninhabitable ;  and  in  the  most  favourable 
case^  when  the  liquor  has  been  completely  oxidized^  its  calcium 
salts  make  the  well-water  excessively  hard. 

The  drawbacks  connected  with  the  accumulation  of  tank-waste 
were  comparatively  unnoticed  until  within  the  last  few  years^  on 
the  one  hand  the  number  and  size  of  the  alkali- works  having 
enormously  increased^  and^  on  the  other  hand^  the  attention  of  the 
public  and  the  authorities  having  been  awakened  to  the  importance 
of  the  purity  of  soil^  water^  and  air. 

Two  questions  may  here  arise : — ^What  can  be  done  with  existing 
old  heaps  ?  and  what  is  to  be  done  with  the  waste  arriving  from 
day  to  day?  Even  if  the  latter  were  got  of  in  some  way^  the  old 
heaps^  especially  the  drainage  from  them^  call  for  attention.  The 
question  of  working  up  this  drainage  in  a  profitable  way  will  be 
discussed  after  treating  of  fresh  waste ;  but  sometimes  the  question 
is  only  how  to  get  rid  of  it  somehow  without  special  apparatus. 
In  sudi  a  case  the  author  abated  the  nuisance  caused  by  the  yellow 
liquor  getting  into  the  town  drains  by  first  purifying  the  liquor. 
This  was  done  in  three  pits^  through  which  the  liquor  had  succes- 
sively to  pass  before  running  away.  In  these  it  was  mixed  with 
the  mud  from  the  manganese-liquor-settlers  belonging  to  Weldon^s 
manganese-recovery  process^  consisting  chiefly  of  iron  hydroxide^ 
a  little  manganese  peroxide^  and  calcium  carbonate.  By  this  it 
was  entirely  decolorized  and  desulphurized;  the  clear  liquor  could 
be  run  off;  and  the  residue^  shovelled  up^  became  available  again 
after  some  exposure  to  the  air^  the  atmospheric  oxygen^  as  in  the 
case  of  the  gas-purifying  mass^  regenerating  the  metallic  oxides 
with  separation  of  Bulphur.  We  shall  see  how  this  can  be  made 
a  continuous  process  by  mixing  the  liquor  with  ferric  or  manganic 
hydroxide  and  blowing  air  through  the  mixture;  the  metallic 
sulphides  formed  would  thus  be  constantly  oxidized  at  once  to 
hydroxides  and  sulphur. 

Wherever  the  question  is  how  to  dispose  of  the  tank-iaaste 
obtained  from  day  to  day,  one  out  of  many  different  methods  is 
employed.  The  most  radical  is  that  followed  by  nearly  all  the 
Tyneside  works^  but  only  possible  in  those  few  localities  which  are 
in  immediate  and  near  communication  with  the  sea.  The  tank- 
waste  is  carried  in  waggons  to  the  quay^  and  tipped  by  movable  shoots 
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into  peculiarly  conatracted  vesflels^  which  take  it  three  miles  out  to 
sea  and  drop  it  there.  The  whole  central  part  of  the  vessel  consists 
of  a  square  space^  tapering  below,  from  which  the  whole  vessel  has 
received  the  name  of  hopper.  The  sides  of  this  space  are  lined  with 
sheet-iron;  a  number  of  trap-doors,  turning  on  hinges,  are  drawn 
up  by  chains  and  a  winch,  and  form  a  bottom  for  the  hopper,  but 
not  water-tight.  The  sides  of  the  hopper  are  qjaite  tightly  joined 
to  the  vessel;  so  that  the  stem  and  stem  and  the  passages  at  eadi 
side  provide  the  necessary  buoyancy.  The  tank-waste,  when  tipped 
into  the  central  part,  displaces  the  water  through  the  joints  of  the 
bottom-doors,  of  course  not  completely.  Arrived  on  the  high  sea, 
the  doors  are  let  dovni  and  the  waste  falls  out  into  the  sea,  the 
crew  assisting  by  means  of  poles.  The  conical  form  and  the  sheet- 
iron  lining  of  l^e  hopper  assist  in  its  emptying.  The  doors  are 
now  drawn  up  again,  and  the  vessel  returns  into  the  river.  Such 
a  hopper  holds  from  140  to  800  tons  of  waste.  Many  factories 
have  their  own  hoppers ;  others  are  served  by  a  Company. 

Taking  the  waste  to  sea  is  somewhat  costly  (about  Is.  per  ton), 
even  apart  from  the  expense  of  conveyance  to  the  wharf.  In  stormy 
weather  the  hoppers  cannot  go  to  sea ;  and  great  inconvenience 
arises  from.  this.  But  most  works  cannot  possibly  avail  themselves 
of  this  plan  of  getting  rid  of  their  waste,  and  must  look  out  for 
others.  The  author  knows  of  a  case  where  the  owner  of  a  mode- 
rate-sized works,  who  possessed  a  good  deal  of  land  close  to  it, 
had  a  piece  of  it  dug  out  to  a  considerable  depth,  laid  the  soil  on 
one  side,  filled  the  hole  within  a  yard  of  the  surface  with  tank- 
waste,  put  the  soil  on  the  top  of  it  and  tilled  it  again;  then  a  new 
part  of  the  field  was  treated  similarly.  Very  good  crops  were  ob- 
tained from  the  newly  made  soil,  nor  was  the  surface  drainage 
troublesome,  because  the  level  of  the  waste  was  below  it ;  but  of 
course  such  a  thing  can  only  be  done  exceptionally. 

Other  applications  of  tank-waste  proposed  are  equally  insufficient 
for  disposing  of  large  quantities.  Juncker  proposed  it  as  an  excel- 
lent remedy  against  dry  rot  (Dingl.  Joum.  clxxxiv.  p.  543) ;  Lieach- 
ning,  against  the  potato-  and  grape-disease  (Polyt.  Centralbl.  1863, 
p.  1242)  ;  Deacon,  for  building,  mixed  with  sand  (Dingl.  Joum. 
clxii.  p.  279)  ;  Kuhlmann,  for  the  same,  ground  up  with  burnt 
pyrites  (ib.  dxii.  p.  46) ;  Varrentrapp,  for  making  footpaths,  as  a 
bottom  for  road-qietal,  and  in  the  place  of  ballast  between  railway- 
rails  (ib.  clviii.  p.  420) ;  the  author,  for  bottle-glass  (ib.  ccxvi. 
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p.  376).  Long  before  all  these  proposals  the  waste  was  used  in  the 
feu^ries  themselves  for  making  floors.  It  is  spread  in  thin  layers, 
made  into  a  puddle  with  a  good  deal  of  water^  sometimes  adding  a 
little  salt,  and  beaten  up  tight  with  shovels ;  it  must  not  be  walked 
on  for  a  few  days  till  it  has  hardened  by  oxidation.  Such  floors 
become  hard  enough  for  ordinary  traffic,  but  cannot  even  stand 
wheel-barrows,  and  are  quite  inapplicable  out  of  doors ;  in  the  open 
ur  they  are  soon  converted  by  the  rain  into  a  muddy  mass,  in  which 
stand  yellow  and  brown  pools  of  sulphur-liquors.  Walls  made  of 
tank-waste  between  loose  boards  (like  concrete),  are  hard  at  first, 
but  soon  become  weathered  and  break  up.  For  this  resson  they 
cannot  be  used  for  many  purposes,  least  of  all  for  building  proper,. 
Even  for  filling  up,  tank-waste  should  only  be  used  where  no 
drainage  of  liquors  can  ensue ;  if  this  is  excluded,  even  dwelling- 
houses  may  be  built  upon  it,  as  the  once  hardened  waste,  if  pro- 
tected from  the  weather,  is  entirely  harmless.  If,  however,  a 
building  is  erected  upon  it  before  the  oxidation  is  quite  complete, 
its  expansion,  consequent  upon  the  formation  of  gypsum,  may 
cause  unpleasant  risings  of  the  soil  and  endanger  the  stability  of 
the  building. 

Fresh  tank- waste  cannot  be  employed  as  manure ;  on  the  con- 
trary it  kiUs  the  plants.  After  complete  oxidation,  when  it  has 
become  light  yellow  or  white,  it  may  be  taken  upon  the  fields,  but 
is  of  little  value  there. 

Its  employment  for  mortar ,  mentioned  in  a  former  place  (Vol.  I. 
p.  264)  would  possibly  afford  a  pretty  good  outlet  for  soda- waste 
in  the  neighbourhood  of  the  works.  It  fiimishes  an  excellent,  hard, 
cement-like,  and  cheap  mortar.  Quite  different  from  this  is  the 
proposal  of  Aspden,  to  employ  the  tank-waste  for  Portland  cement 
by  calcining,  washing,  and  igniting  it  with  finely  ground  clay  to 
commencing  fusion ;  here  the  waste  acts  chiefly  like  chalk,  but  not 
so  well,  owing  to  its  impurities.  Again  another  case  is  the  simple 
employment  of  desulphurized  waste,  analogous  to  Scott's  selenitic 
mortar ;  we  shall  see  this  later  on. 

A.  Smith  patented  (Oct.  23rd,  1845)  the  employment  of  oxidized 
tank-waste  in  the  place  of  chalk  for  black-ash  mixing.  This  has 
not  been  done  successfully  except  with  desulphurized  waste,  and 
even  then  on  only  a  limited  scale  (see  below). 

Undeniably  the  most  rational  employments  of  soda-waste  are 
those  founded  upon  the  mlphur  contained  in  it.    All  the  sulphur 
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introduced  into  the  alkali-works  as  brimstone  or  pyrites  is  lost  in 
the  course  of  manufacture ;  apart  from  the  slight  quantity  lost  in 
making  sulphuric  acid^  the  smaller  portion  reappears  in  soda-ash 
&c.  as  sulphate,  i.  e,  as  impurity  >  the  larger  portion,  riz.  80  per 
cent,  (with  revolving  furnaces  90  per  cent.)  of  the  sulphur  is  found 
in  the  tank-waste,  where  it  is  the  cause  of  all  the  troubles  described. 
Hence  nothing  is  more  natural  than  trying  to  utilize  this  sulphur, 
which  can  be  done  by  either  obtaining  sulphur  compounds  or 
brimstone  from  it. 

Interesting,  but  not  practically  successful,  was  J.  L.  Bell's  expe- 
riment of  making  factitious  pyrites  firom  tank-waste  and  burnt 
pyrites  (patented  Nov.  17th,  1852;  Transactions  Newc.  Chem.  Soc. 
1869,  p.  117).  These  two  materials  were  smelted  in  a  specially 
constructed  blast-furnace  with  coke  and  with  addition  of  common 
clay  (to  form  an  easily  fusible  slag  with  the  lime  of  the  tank- waste), 
the  blast  being  heated  to  350^  C. ;  a  portion  of  the  clay  and  the 
coke  could  be  replaced  by  black-ash-furnace  cinders,  which  contain 
both.  Iron  sulphide  was  obtained,  which  was  tapped  from  time  to 
time;  but  difficulties  in  employing  the  damp  pulverulent  soda- 
waste,  which  it  did  not  pay  to  dry,  and  above  all  the  rapid  destruc- 
tion of  the  lower  part  of  the  blast-furnace  compelled  a  stoppage  of 
the  process.  For  some  time  70  tons  of  fSEu;titious  pyrites  per  week 
were  made,  with  a  consumption  of  75  per  cent,  of  its  weight  of 
coke,  and  at  a  total  cost  (when  every  thing  went  well)  of  12s.  6d. 
to  16s.  per  ton.  During  the  operation  H^S  frequently  escaped  at 
the  top  of  the  furnace,  SO^  rarely.  The  slag  contained  much  iron, 
since  the  furnace  had  to  be  worked  with  strong  charges,  and  con- 
sequently not  very  hot;  otherwise  along  with  the  pyrites  much 
white  pig-iron  containing  2  to  2*9  per  cent,  sulphur,  and  conse- 
quently useless,  was  obtained.  The  '^  factitious  pyrites  '^  itself  was 
black  on  the  outside,  but  inside  often  of  a  dark  bronze  colour  with 
metallic  lustre  and  somewhat  crystalline  structure.  Its  percentage 
of  sulphur  varied  from  25-5  to  33*2  per  cent. ;  on  the  average  it 
was  30'63  per  cent.  Besides,  oxygen  (about  4  per  cent.)  was 
always  present,  because  the  furnace  could  not  be  worked  up  to 
complete  reduction.  About  62  per  cent,  of  the  sulphur  contained 
in  the  tank-waste  and  the  burnt  pyrites  was  recovered  as  factitious 
pyrites.  It  was  not  easily  worked  in  the  burners,  owing  to  its 
dense  texture ;  and  nowadays  such  a  product  would  hardly  be  burnt, 
even  if  it  could  be  had  for  nothing :  scarcely  half  of  its  sulphur 
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would  be  burnt  off;  and  coal-brasses  had  to  be  burnt  along  with  it. 
Exposed  to  the  air  it  fell  to  powder^  and  had  to  be  treated  in  a 
peculiar  way.  After  4000  or  5000  tons  of  this  factitious  pyrites 
had  been  made^  the  matter  was  given  up  again^  because  the  price 
of  natural'pyrites  had  come  down  again,  and  it  could  no  longer 
compete  with  the  latter. 

Utilization  of  Stdphuretted  Hydrogen. 

Furthest  of  all  from  realization  has  been  (until  very  recently) 
the  idea  of  utilizing  the  sulphur  of  tank-waste  in  the  form  of 
sulphuretted  hydrogen.  Apart  from  all  proposals  for  evolving  H^S 
from  the  sodium  sulphide  itself,  so  as  to  avoid  altogether  the 
formation  of  tank-waste  (Beringer,  Hunt,  &c.),  which  belong  to 
another  chapter  and  have  been  treated  of  at  p.  345,  Gossage  in 
1837  had  already  taken  out  a  patent  for  decomposing  tank-waste 
by  hydrochloric  or  carbonic  acid  and  employing  the  HgS  for  making 
sulphuric  acid.  The  calcium  carbonate  formed  when  CO^  was  em- 
ployed was  to  go  back  into  the  process.  Hydrochloric  acid  could 
never  be  seriously  thought  of  for  this  process,  even  if  it  cost 
nothing,  since  the  decomposition  of  the  calcium  sulphide,  carbo- 
nate, and  hydrate  in  the  tank-waste  would  require  much  more  of 
it  than  had  been  obtained  previously  in  decomposing  the  common 
salt.  Gossage  in  reality  only  intended  employing  carbonic  acid 
after  he  had  proved  that  it  decomposes  calcium  sulphide  equivalent 
for  equivalent,  forming  CaCOs  and  H^S.  An  excess  of  carbonic 
acid  was  to  be  avoided  by  passing  the  gas  systematically  over  fresh 
waste,  for  which  purpose  two  towers  with  several  grates  were 
erected.  Even  in  1854  Gossage  was  so  firmly  convinced  of  the 
practicability  of  this  idea  that  he  made  a  contract  for  a  term  of 
years  with  several  Widnes  alkali-manufacturers,  to  treat  their  waste 
by  this  process.  But,  as  we  can  now  see  plainly  (since  we  have 
before  us  the  experience  of  our  predecessors),  the  sulphuric  acid 
produced  fell  far  short  of  covering  the  expense;  and  although, 
with  one  exception,  all  the  manufacturers  released  Gossage  from 
his  contract,  he  had  to  sacrifice  nearly  all  his  fortune  to  indemnify 
the  one  firm  that  held  him  to  it.  The  attempt  to  bum  the  sul- 
phuretted hydrogen  to  sulphurous  acid  and  utilize  the  latter  in 
acid-chambers  entirely  failed;  and  Gossage's  next  proposal,  to 
absorb  the  gas  by  ferric  oxide  and  bum  the  FeS  in  pyrites-burners 
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(see  below)  ^  oould  not  be  carried  out.  His  third  proposal  was,  to 
pass  sulphuretted  hydrogen  into  a  solution  of  ferric  chloride^ 
which  would  thereby  be  converted  into  ferrous  chloride^  sulphur 
being  precipitated;  the  ferrous  chloride  was  to  be  reconyerted 
into  ferric  chloride  by  the  action  of  air;  but  this  could  not  be 
done  on  the  large  scale  with  ^sufficient  speed  and  completeness. 
This  proposal,  as  we  shall  see,  was  afterwards  taken  up  again  more 
than  once.  The  task,  which  has  so  entirely  failed  of  accomplish- 
ment at  the  hands  of  such  a  fertile  inventor  and  at  the  same  time 
such  an  experienced  practical  man  as  Gossage  was,  has  not  been 
accomplished  by  any  body  else,  unless  this  is  done  by  Schaffiier 
and  Helbig's  new  process  (see  below),  which,  however,  starts  firom 
a  totally  different  principle. 

For  burning  sulphuretted  hydrogen  a  number  of  proposals  have 
been  made,  mostly  based  on  passing  a  mixture  of  the  gas  and  air 
through  a  fire.  In  practice  the  difficulty  of  generating  a  uniform 
current  of  SO^  has  been  found  too  great,  chiefly  owing  to  the  sul- 
phuretted hydrogen  being  much  diluted  with  indifferent  gases.  •  A 
detailed  description  of  the  methods  and  apparatus  employed  for 
this  purpose  by  Lee  and  Gossage,  is  found  in  Richardson  and 
Watts's  ^  Chemical  Technology,'  vol.  iii.  pp.  15-27.  Neither  has 
E.  Kopp's  proposal  been  practically  successful — viz.  burning  the 
sulphuretted  hydrogen  with  just  sufficient  air  for  the  combustion 
of  the  hydrogen  only,  and  separating  the  sulphur.  {Indirectly  this 
has  been  accomplished  by  Schaffner  and  Hdbig.) 

It  is  usually  asserted  that  one  of  the  greatest  difficulties  in  uti- 
lizing HsS  for  making  sulphuric  acid  is  the  fact  that  a  much  larger 
amount  of  inert  gases  must  be  conveyed  into  the  chambers  than 
when  burning  brimstone  or  even  pyrites.  The  difference  in  com- 
parison with  the  latter,  however,  is  not  very  great.  In  the  former 
case,  apart  from  the  unavoidable  excess  of  air,  each  atom  of  sulphur 
requires  three  of  oxygen  and  the  corresponding  nitrogen.  In  the 
case  of  pyrites  4  sulphur  require  15  oxygen 

(2  FeS,  + 15  0  +  4  H30=Fej08  +  4  SO4H2) ; 

in  that  of  H^S  only  ^  more  is  required,  viz.  one  sulphur  to  four 
oxygen  (H3S+40=S04Hs) ;  this  sixteenth  would  not  be  of  very 
much  consequence,  considering  the  great  excess  of  oxygen  normally 
present  in  the  chambers.  That  in  the  burning  of  H^S  just  suffi- 
cient water  is  produced  for  forming  SO^H^,  is  very  convenient,  and 
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saves  a  great  deal  of  steam.  Neither  is  the  difficulty  mentioned  by 
A,  Rose  (in  Graham-Otto^s  ^Chemie/  ii.  2,  p.  835),  that  the  tem- 
perature in  burning  H^S  is  too  high,  of  any  importance ;  the  gas 
might  be  cooled,  most  conveniently  and  rationally  by  passing  it 
through  a  Glover  tower  and  thus  utilizing  its  heat  for  the  concen- 
tration and  denitration  of  vitriol.  •  If  there  were  no  other  obstacle, 
it  would  seem  that  sulphuretted  hydrogen  should  be  very  well 
applicable  for  vitriol-making,  perhaps  with  a  little  extra  nitre. 
But  it  appears  that  thus  far  no  practical  attempt  to  do  this  has 
been  successful  from  an  economical  point  of  view ;  the  vitriol 
obtained  hardly  pays  for  wages,  coals,  and  repairs,  to  say  nothing 
of  leaving  any  margin  for  profit. 

According  to  the  Inspector's  Report  for  1877-78,  p.  46,  the 
combustion  of  sulphuretted  hydrogen,  so  as  to  make  sulphuric 
acid  in  lead  chambers,  was  first  accomplished  by  Mr.  John  Thom, 
of  Glasgow,  about  40  years  ago,  but  was  given  up  again. 

We  have  seen  that  the  difficulty  of  burning  sulphuretted  hydrogen 
is  much  greater  when  it  is  mixed  with  carbonic  acid,  as  occurs  in 
many  of  the  proposed  soda-ash  processes^  and  regularly  in  the  de- 
composition of  the  ammonia- water  of  gas-works  by  sulphuric  acid 
(where,  however,  there  need  be  much  less  dilution  with  nitrogen). 
A  plan  for  burning  the  mixed  gases  was  invented  by  W.  Hunt,  and 
carried  out  at  the  Frizinghall  Chemical  Works,  near  Bradford. 
As  the  HgS  is  apt  to  be  extinguished  by  the  great  amount  of  CO^, 
it  is  passed  into  a  flue  in  which  there  is  a  coke  fire.  This  fire  has 
a  surface  nearly  on  a  level  with  the  base  of  the  flue ;  but  a  little 
higher,  and  on  each  side  of  the  fire,  there  are  openings  in  the  fine 
to  admit  air  for  the  combustion  of  the  H^S,  the  coke  being  supplied 
with  air  from  below.  In  this  way  the  burning  gas  is  kept  conti- 
nuously lighted.  The  hydrogen  burning  at  the  same  time  with  the 
sulphur  produces  much  heat ;  to  get  rid  of  this,  the  gas  was  passed 
through  a  fine  40  feet  long  before  entering  the  chamber.  [Why 
was  it  not  used  to  concentrate  the  vitriol?]  The  amount  of  sul- 
phuric acid  made  from  this  gas  at  Frizinghall  is  4  tons  per  week, 
at  Mr.  Spence's  works  at  Birmingham  much  more.  There  seems 
to  be  a  pretty  large  consumption  of  coke,  the  gases  from  which  are 
clearly  impediments  to  the  process,  since  the  condensation  of  the 
acid  does  not  take  place  so  readily.  Dr.  Smith  considers  that  the 
problem  of  converting  sulphuretted  hydrogen  into  a  useful  product 
is  solved  by  the  above  process ;  but  this  can  be  said  only  from  a 
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sanitary  point  of  view.  Economically  it  remains  a  fact  that  the 
combustion  of  dilute  H^S  in  acid-chambers  does  not  pay ;  and  this 
explains  why  that  process,  though  known  in  substance  for  many 
years  past  to  every  body  interested  in  the  matter^  has  not  been 
employed  elsewhere,  although  many  attempts  have  been  made  in 
that  direction. 

The  worst,  indeed,  is  not  the  extra  quantity  of  air  required  for 
burning  the  sulphuretted  hydrogen  itself,  but  the  fact  that,  in  all 
the  processes  hitherto  mentioned,  it  is  not  possible  to  operate  with 
pure  HgS.  In  practice  it  is  always  expelled  by  carbonic  acid,  as 
the  only  sufficiently  cheap  acid ;  and  if  cheap,  it  is  always  diluted 
with  air.  The  richest  gas  from  the  most  rationally  constructed 
lime-kilns  usually  contains  not  more  than  25,  only  exceptionally  30, 
per  cent,  by  volume  of  COg ;  the  gas  from  burning  coke  is  never  so 
rich.  The  other  75  per  cent,  is  mostly  nitrogen,  with  either  a  little 
oxygen  or  carbon  monoxide.  The  carbonic  acid  being  so  much 
diluted,  even  if  it  could  be  entirely  exchanged  for  sulphuretted 
hydrogen,  the  latter  would  be  equally  so;  and  this  must  prevent 
the  products  of  its  combustion  from  being  employed  in  acid- 
chambers.  Carbonic  acid  can  be  purified  by  OzouPs  process 
(absorbing  dilute  COs  in  a  solution  of  Na^COs,  decomposing  the 
NaHCOs  by  heat,  COs  being  expelled,  condensing  the  steam  and 
conveying  away  the  pure  CO^,  and  reemploying  the  solution  of 
Ka^COs  after  cooling) ;  but  this  would  probably  be  much  too 
costly;  and  then  the  question  would  have  to  be  solved,  how  pure 
H2S  is  to  be  treated  in  order  to  bum  it  so  as  to  utilize  it  in  an  acid- 
chamber  at  a  profit.  Such  pure  HsS  is  obtained  in  Wallace  and 
Clauses  process,  to  be  mentioned  directly,  but  in  too  expensive  a 
manner. 

Favre  (patent  of  June  7th,  1855)  proposed  introducing  the  sul- 
phuretted hydrogen  into  pyrites-kilns,  where,  in  contact  with  the 
burning  pyrites,  it  is  said  to  be  burnt  completely.  This  process  is 
stated  to  have  been  employed  in  practice  at  Kunheim's  works  in 
Berlin  upon  the  H^S  given  off  in  the  manufacture  of  ammonium 
sulphate.  But  even  if  the  chamber  process  was  not  disturbed  by 
this,  which  remains  to  be  proved,  it  could  not  be  done  with  such 
quantities  of  the  HjS  as  would  be  evolved  in  the  treatment  of  tank- 
waste.  The  difficulty,  still  unsolved,  is,  to  effect  the  complete  com- 
bustion of  large  qtumtities  of  (dilute)  H2S.  In  order  to  evade  the 
apparently  hopeless  attempt  at  direct  utilization,  in  the  acid-cham- 
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bersj  of  tlie  SO2  arising  from  the  burning  of  H^S^  Gossage  (patent 
of  Oct.  6j  1857)  proposed  absorbing  the  sulphurous  acid  in  water 
and  oxidizing  it  by  air.  That  he  failed  in  this,  we  have  seen  (Vol.  I. 
p.  650) .  Neither  was  he  more  successful  in  his  proposal  (contained 
in  the  same  patent)  to  drive  off  the  SOj  by  heating  its  aqueous 
solution  to  65^  and  conveying  the  pure  SOg  gas  into  an  acid- 
chamber.  Wallace  and  Glaus  (patents  of  Jan.  20  and  July  25, 
1877)  cause  the  impure  sulphurous  acid,  obtained  by  burning  H3S, 
to  act  upon  ammonium  sulphide,  which  is  thus  converted  into 
hyposulphite ;  the  latter  is  decomposed  by  sulphuric  acid ;  and  the 
sulphurous  acid,  now  evolved  in  a  pure  state,  is  employed  for 
purifying  coal-gas  from  sulphuretted  hydrogen. 

Another  easily  suggested  mode  of  utilizing  sulphuretted  hydrogen 
is,  by  bringing  it  together  ivith  sulphurous  add  to  produce  sulphur. 
Formerly  it  was  generally  assumed  that  in  this  case  water  and 
sulphur  are  chiefly  or  exclusively  obtained 

(SOj+2H2S=2HjO  +  3S). 

Hence  it  was  proposed  to  pass  the  H^S  into  a  saturated  aqueous 
solution  of  SOg,  obtained  by  burning  pyrites  or  a  portion  of  the 
HjS  itself.  Gossage  (patent  February  22,  1859)  constructed  an 
apparatus  for  intimately  mixing  SO^  and  H^^S  in  the  gaseous  form* 
Brunfaut  ('  Journal  des  Mines,'  1861)  allows  the  gases  to  act  upon 
each  other  in  a  chamber  the  walls  of  which  are  wetted  with  water, 
and  then  passes  them  through  a  column  of  water  before  allowing 
them  to  escape.  The  dilution  with  indifferent  gas  is  said  by  him, 
in  opposition  to  Bosenstiehl  (see  below),  not  to  interfere  with  the 
reaction.  But  the  reaction  does  not  proceed  so  smoothly  as  the 
above  equation  would  indicate.  Dalton,  in  1812,  had  observed  the 
formation  of  an  acid  in  this  process.  Pelouze  (1842)  took  it  for 
hyposulphurous  acid ;  but  Wackenroder,  1847  (Archiv  der  Phar- 
macie,  xlvii.  p.  272,  xlviii.  p.  140),  declared  it  to  be  ^'pentathionic 
acid,'^  formed  by  the  reaction 

5  HaS  +  5  SOa=S50eH8+4  HaO  +  5  S, 

which  has  been  generally  accepted  since.  Fordos  and  Gflis,  in 
1848,  believed  they  had  obtained  that  acid  in  another  way  ,*  and 
several  chemists  made  further  investigations  respecting  it,  no  one 
doubting  its  existence,  till  Spring  showed  (Bull,  de  TAcad.  royale 
de  Belgique,  mai  1878,  xlv.  p.  679)  that  all  former  investigators 
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had  mistaken  tetrathionic  acid  for  pentathionic  acid^  and  that  the 
latter  acid  does  not  exist  at  all^. 

Tetrathionic  acid,  according  to  Spring,  might  be  formed  directly 
from  HgS  and  SO3,  as  shown  by  the  equation 

4SOj+3H2S  =  SAH2  +  2HjO  +  3S 

(which,  however,  is  entirely  imaginary) — or,  it  is  much  more  likely, 
in  consequence  of  the  precipitation  of  sulphur,  which  along  with 
sulphurous  acid  would  form  hyposulphurous  acid,  the  latter  being 
instantaneously  decomposed  by  more  SO3  into  hydrosulphurous 
acid  and  tetrathionic  acid.  The  following  equations  show  the 
stages  of  this  process : — 

(1)  SOg+2H8S      =2H,0  +  8S; 

(2)  SO2 + HjO  +  S  =  SjOaH, ; 

(3)  SOj+2  S208Ha=HjS08+S406Ha. 

After  it  had  been  recognized  that  it  is  impossible  to  precipitate 
all  the  sulphur,  a  good  deal  of  it  remaining  dissolved  in  the  shape 
of  an  acid  (generally  held  to  be  pentathionic  acid),  many  attempts 
were  made  to  obviate  this ;  for  practically  not  quite  half  of  ibe 
theoretical  quantity  of  sulphur  could  be  obtained,  partly  owing  to 
the  formation  of  that  acid,  partly  on  account  of  the  extremely  fine 
state  of  division  in  which  the  sulphur  is  precipitated,  making  it 
next  to  impossible  to  obtain  a  clear  liquid  either  by  subsidence  or 
by  filtration,  either  on  a  large  or  a  small  scale.  Gossage  believed 
that  a  high  temperature  of  the  gases  at  the  time  of  their  coming 
into  contact  would  remedy  the  evil.  De  Luca  and  Ubaldini 
(Compt.  Bend.  Ixiv.  p.  1200)  published  an  extensive  memoir  on 
this  matter,  from  which,  in  the  absence  of  numerical  statements, 
not  much  information  can  be  derived.  Weldon  (patent  of  Aug.  28, 
1871)  thought  to  avoid  the  formation  of  pentathionic  acid  by  passing 
the  sulphuretted  hydrogen  into  a  saturated  solution  of  sulphurous 
acid ;  but  this  process,  which  is  practically  identical  with  that  pro- 
posed from  the  first,  could  not  attain  the  object.  Kosenstiehl 
(Bull.  Soc.  Ind.  Mulh.  1870,  p.  127)  stated  thit,  the  drier  the 
gases  when  they  meet,  the  less  pentathionic  acid  is  formed ;  when 

*  The  paper  of  Stingl  and  Morawsky,  to  be  quoted  below,  still  maintains  the 
existence  of  pentathionic  acid ;  so  that  this  question  cannot  yet  be  regarded  as 
definitely  settied.  It  is  also  maintained  by  Eessler^  one  of  the  first  chemista 
who  worked  at  pentathionic  acid,  that  Spring  has  not  given  sufficient  reaoona 
to  prove  his  point  (Annal.  der  Chemie;  oc  p.  206). 
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once  the  reaction  has  commenced^  the  water  formed  suffices  for 
continuing  it.  The  quantity  of  pentathionic  acid  might  be  kept 
down  to  a  minimum^  if  the  H2S  were  in  slight  excess.  The  reac- 
tion was  stated  to  proceed  properly  only  when  undiluted  sulphu- 
retted hydrogen  was  employed — ^that  is,  not  formed  by  burning 
sulphur  or  pyrites  in  the  air,  it  being  then  mixed  with  nitrogen 
and  oxygen  in  excess,  but,  for  instance,  made  by  igniting  pyrites 
with  basic  ferric  sulphate,  or  with  ferric  oxide,  or,  best  of  all,  by 
washing  the  SO2  out  of  burner-gases  in  a  scrubber,  and  heating 
the  watery  solution  (which  Gossage  had  done  already  in  1859). 
But  this  process  would  be  too  expensiye,  and  the  proposal  must 
have  remained  sterile. 

The  difficulty  has  at  length  (in  1878)  been  overcome  by  the 
process  of  SchafiEner  and  Helbig,  which  will  be  described  at  the 
end  of  this  chapter.  They  have  proved  that  all  the  sulphur  can  be 
obtained  in  a  granular,  easily  separable  form,  and  without  any  loss 
by  polythionic  acids,  if  the  gases  are  brought  into  contact,  not  with 
water,  but  with  solutions  of  such  salts  as  calcium  chloride,  mag- 
nesium chloride,  &c.  They  do  not  venture  upon  an  explanation 
of  this  fact ;  but  one  might  be  deduced  from  Spring's  subsequently 
published  paper,  mentioned  above.  According  to  him,  the  whole 
process  is  based  upon  the  conversion  of  sulphurous  acid  into  hypo- 
sulphurous  acid  by  finely  divided  sulphur,  which  by  the  action  of 
H,S  and  SO,  is  certainly  produced  in  an  almost  molecular  state  of 
division.  Now  it  has  often  been  noticed,  for  instance  in  the  case 
of  potable  water,  that  solid  substances  in  the  state  of  extremely 
fine  suspension  in  water  are  caused  to  aggregate  and  precipitate 
by  the  action  of  salts  (such  as  alum  &c.) — probably  by  arresting 
the  ''  Brownian  ^'  movement  of  the  finest  particles.  When  once 
the  finest  particles  of  sulphur  have  been  aggregated  into  coarser 
masses,  the  action  of  SO,  upon  them  in  the  cold  is  very  slow,  and 
the  formation  of  thionic  acids  is  consequently  greatly  diminished. 
Even  a  subsequent  addition  of  calcium  chloride  &c.  to  the  milky 
liquid  obtained  at  first  suffices  to  clarify  it.  Schaffiier  and 
Helbig  believed  that  calcium  or  magnesium  chloride  and  other  salts 
(in  an  additional  German  patent.  No.  6895,  of  Dec.  22nd,  1878, 
they  mention  also  muriatic  acid,  sodium  sulphate,  magnesium 
sulphate,  barium  chloride,  sodium  chloride)  both  prevent  the 
formation  of  polythionic  acid  and  destroy  it  when  once  formed ; 
but  Stingl  and  Morawsky,  in  an  exhaustive  investigation  of  their 
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process  (Journal  fiir  praktische  Chemie  [2],  xx.  p.  76),  proved  that 
only  from  86  to  94  per  cent,  of  the  sulphur  is  precipitated  as  such, 
the  remainder  existing,  according  to  them,  in  the  state  of  penta- 
thionic  acid,  or,  if  the  hydrates  or  carbonates  of  alkalies  or  alka- 
line earths  are  present,  in  the  state  of  other  sulphur  compounds, 
resulting  from  the  decomposition  of  pentathionic  acid  and  sulphur, 
viz.  sulphites,  hyposulphites,  and  polysulphides.  The  formation  of 
pentathionic  acid  is  lessened  by  an  excess  of,  and  by  long  contact 
or  heating  with,  sulphuretted  hydrogen ;  but  these  conditions  are 
just  those  which  cannot  very  well  be  observed  in  practical  work ; 
and  complete  decomposition  of  that  acid  would  take  so  much  time 
as  to  be  quite  out  of  the  question.  Stingl  and  Morawsky  further 
proved  that  the  milky  form  of  the  precipitated  sulphur  produced  by 
the  mutual  decomposition  of  H^S  and  SO^,  has  nothing  to  do  with  the 
pentathionic  acid  :  the  action  of  mineral  salts  and  acids,  in  changing 
this  milky  into  a  denser,  flocculent  state  is  by  them  regarded  as  a 
merely  physical  one,  viz.  the  breaking-up  of  microscopical  hollow 
globules,  formed  by  the  sulphur,  by  the  diffusion  into  them  of  those 
mineral  substances.  Possibly  this  explanation  may  hold  good 
along  with  that  given  above  by  the  author. 

Another  way  of  getting  rid  of  sulphuretted  hydrogen,  which  is 
suggested  by  the  daily  practice  of  gas-works,  is  to  absorb  it  by 
ferric  hydroxide  (hydrated  iron  oxide) .  The  iron  sulphide  formed, 
if  exposed  to  air,  regenerates  the  hydroxide  with  separation  of  sul- 
phur (thus : 

2FeS+80  +  8HjO=Fe8(OH)g+2S), 

and  can  again  be  used  for  absorption*  till  the  sulphur  has  accumu- 
lated so  much  in  it  (50  or  60  per  cent.)  that  the  mass  ceases  to  act 
It  can  then  be  treated  with  carbon  disulphide,  in  order  to  dissolve 
and  recover  the  sulphur  as  such,  or  burnt,  in  order  to  convert  the 
sulphur  into  sulphuric  acid.  As  a  source  of  iron  oxide  the  nearest 
material,  burnt  pyrites,  is  not  suitable,  because,  even  after  long  wea- 
thering, it  absorbs  the  H,S  too  slowly.  Gas-works  employ  some 
varieties  of  finely  divided  brown  iron-ore,  e,  g.  the  bog-ore  from 
the  north  of  Ireland ;  and  alkali-manufacturers  would  have  to  use 
something  like  this  for  their  H,S.  The  application  of  ferric  hy- 
droxide for  absorbing  the  H,S  arising  in  the  decomposition  of 
tank- waste,  or  in  that  of  sodium  sulphide  by  CO3  &x).,  has  been 
very  frequently  proposed ;  and  all  possible  apparatus  have  been 


TANK-WASTE.  649 

indicated  for  it.  It  has  also  been  proposed  {e.g.  Wilson's  patent 
of  June  Srdj  1859)  to  regenerate  the  mass  when  it  has  become 
inactive  in  the  absorbers,  by  conveying  a  current  of  air  through  it, 
till  it  is  too  much  saturated  with  sulphur,  and  burning  ofi  the  latter 
afterwards.  Weldon  patented  the  same,  with  the  modification  of 
employing  the  ferric  oxide  [e.g,  from  PesCle  and  lime)  suspended 
in  water  and  alternately  passing  H^S  and  air  through  it  (see 
below).  Arrot  patented  (June  3rd,  1859)  absorbing  the  H,S  by 
red-hot  Fe^Oa  or  Mn^Os.  The  author,  in  his  patent  of  April  JJO, 
1866,  proposed  a  number  of  analogous  absorbents,  such  as  a  mix- 
ture of  milk  of  chalk  and  solution  o£  ferrous  or  manganous  chloride, 
employed  in  agitators  with  pressure,  or  in  scrubbers  without  pres- 
sure ;  but  this  was  not  tried  on  a  large  scale.  The  dry  purifiers, 
as  employed  by  gas-works,  seem  to  be  excluded  by  the  enormous 
space  they  would  occupy  in  any  large-sized  manufactory.  Spencer 
(provisional  protection,  Oct.  19th,  1859)  patented  the  employment 
of  ferroso-ferric  oxide,  obtained  from  burnt  pyrites  ignited  with 
coal,  or  a  similar  compound  of  manganese. 

In  Gibb  and  Gelstharpe's  patent  for  working  up  burnt  pyrites 
(Vol.  I.  p.  613)  the  HgS  was  absorbed  by  copper  salts,  and  that 
completely,  but  the  sulphur  was  not  utilized  in  the  metallurgical 
treatment  of  the  copper  sulphide  obtained ;  nor  has  the  process  been 
successful  on  the  whole.  They  (along  with  Hall,  Nov.  21st,  1871) 
also  patented  this  process  generally,  viz.  passing  H^S  into  cupric 
sulphate  bought  on  purpose,  drying  and  roasting  the  CuS  and  con- 
verting it  again  into  CuSO^ ;  but  the  sulphuric  acid  liberated  in 
the  precipitation  of  CUSO4  by  HjS  could  not  pay  the  cost  of  the 
process,  which  is  therefore  unpractical. 

Wallace  and  Glaus  (July  25, 1877)  again  patent  the  employment 
of  HjS  (obtained  in  their  patent  process,  p.  346)  for  precipitating 
copper,  silver,  or  lead  from  their  solutions,  and  also  for  purifying 
sulphuric  acid  from  arsenic.  The  latter  process,  long  before  in 
use  on  a  large  scale  (comp.  Vol.  I.  p.  469),  can  only  dispose  of  a 
comparatively  very  small  quantity  of  sulphuretted  hydrogen. 

Glaus  (March  17,  1869)  and  Weldon  (Aug.  18,  1871)  patented 
the  absorption  of  H2S  by  conducting  the  gas  through  a  coke-tower 
in  which  a  solution  of  a  per-salt  of  iron,  e.g.  Fe^Gle,  runs  down. 
The  per-salt  is  converted  into  a  proto-salt,  with  separation  of  sulphur 
(Fe«Gle+HjS=2FeGl2  +  2HCl4-S);  air  is  then  blown  through 
the  tower  and  thus  the  per-salt  regenerated.    This  proposal  (easeu* 
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tially  the  same  as  tliat  of  Oossage^  mentioned  p.  643)  was  taken  np 
again  by  Weldon  in  1876^  in  connexion  with  his  process  for  making 
soda  from  Na^S .  He  prescribed  a  special^  apparently  yery  rational^ 
apparatus  for  absorbing  the  H^S  ;  the  recovery  of  the  per-salt  of 
iron  was  to  be  effected  in  an  oxidizing-tower^  exactly  in  the  same 
way  as  in  his  manganese-recovery  process.  Since  the  whole  soda 
process  was  abandoned  again  after  a  short  trials  there  are  no  con- 
clusive experiences  extant  as  to  the  value  of  that  part  of  it  which 
refers  to  the  absorption  of  H^S. 

The  only  way  of  dealing  with  the  H^S^  which  seems  to  give 
promise  of  real  success^  is  that  of  Schaffner  and  Hdbig,  which  will 
be  described  at  the  close  of  this  chapter  in  connexion  with  the 
process  for  treating  tank-waste^  of  which  it  forms  a  part. 

Other  Plana  for  utilizing  the  Sulphur  of  Tank-waste, 

Apart  from  the  endeavours  for  utilizing  the  sulphur  of  tank- 
waste  in  the  shape  of  H^S^  many  attempts  have  been  made  in  other 
ways ;  and  success  has  been  obtained  in  two  respects — ^viz.  obtain- 
ing calcium  or  sodium  hyposulphite,  and  obtaining  the  sulphur  itself. 
We  shall  first  enumerate  the  different  proposals  in  historical  order. 

The  first  patent  taken  out  in  this  line  seems  to  have  been 
Leighton's  (April  1836).  He  allowed  the  tank-waste  to  oxidize 
in  the  air  for  some  time,  lixiviated  it,  and  precipitated  the  sulphur 
from  the  liquors  by  hydrochloric  acid.  In  this  crude  way  no 
success  could  be  obtained. 

W.  S.  Losh,  on  July  6th,  1852,  patented  the  production  of 
sodium  hyposulphite  firom  oxidized  tank-waste.  His  process,  as 
well  as  the  other  plans  for  obtaining  that  salt^  jrill  be  described  in 
the  next  chapter. 

Delanoue  (Compt.  Bend.  xl.  p.  702)  proposed  boilitig  the  tank- 
waste  with  water  and  sulphur,  in  order  to  convert  the  CaS  into 
soluble  CaSj,  and  employing  the  solution  for  medicinal  purposes, 
for  protecting  the  vine  against  the  O'idiumj  for  precipitating  cobalt 
and  nickel,  &c. 

E.  Kopp  published  in  1858  (Bull.  Soc.  Industr.  de  Mulhouse, 
1858,  p.  143)  a  process  for  obtaining  hyposulphites  firom  tank- 
waste  by  the  action  of  sulphurous  acid  (see  next  Chapter) . 

Spencej  (patent,  April  9, 1859)  proposes  to  evolve  HgS  from  tank- 
waste  by  means  of  HCl  or  COg,  absorb  it  by  a  lower  oxide  than 
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FcgOg,  or  hj  pyrites  or  manganese  partly  reduced  by  igniting  with 
coal^  regenerate  this  a  number  of  times  by  exposure  to  the  air^ 
and  obtain  the  accumulated  sulphur  by  distillation,  or  bum  it  to 

Townsend  and  Walker  (patent,  December  11, 1860)  employ  the 
oxidized  waste  for  obtaining  hyposulphite;  they  also  treat  the 
yellow  sulphur-liquor  by  the  still-liquor  from  chlorine-making, 
and  indicate  the  principles  of  all  other  better  worked-out  sulphur- 
recovery  processes  ;  they  also  describe  the  process  of  oxidation  of 
tank-waste,  and  the  gradual  formation  of  several  products,  quite 
correctly. 

JulUon  (patent,  Feb.  9, 1861)  takes  a  considerable  step  further : 
he  saturates  the  yellow  liquor  with  SO^,  and  the  resulting  solution 
of  calcium  hyposulphite  with  HCl ;  he  also  proposes  evaporating 
the  yellow  liquors  with  small  pyrites,  and  burning  the  whole  in  a 
pyrites-burner. 

Noble  (patent,  July  6,  1861)  also  describes  the  oxidation  of 
yellow  liquor,  its  treatment  in  a  scrubber  with  SO,,  and  the  pro- 
duction, from  the  calcium  hyposulphite  obtained,  either  of  sodium 
hyposulphite  by  means  of  carbonate,  or  of  sulphur  by  adding 
HCl ;  he  already  prescribes  adding  fresh  yellow  liquor  for  satura- 
ting the  resulting  SO^. 

Ward  (patent  of  September  11,  1862)  ignites  tank-waste  with 
sodium  sulphate,  by  which  he  intends  producing  a  double  com- 
pound of  sodium  and  calcium  which  can  replace  soda  in  some 
cases. 

Lowig  (Professor  at  Breslau)  proposed  (according  to  an  undated 
communication  of  Gundelach's  to  Scheurer-Kestner,  in  Bull.  Soc. 
industr.  de  Mulhouse,  Fev.  28,  1868)  the  treatment  of  tank-waste 
with  a  solution  of  ferrous  chloride.  The  iron  sulphide  residting 
is  moulded  into  bricks  and  exposed  to  the  air,  in  which  a  mixture 
of  ferric  oxide  and  sulphur  is  formed.  The  product  is  dissolved  in 
hydrochloric  acid  with  addition  of  metallic  iron,  in  order  to  re-form 
FeCl,  and  obtain  the  sulphur  as  a  residue. 

Hewitt  (patent,  Feb.  20, 1877)  mixes  the  tank-waste  with  silica, 
and  heats  the  mixture  in  a  furnace  by  a  current  of  hot  air.  Cal- 
cium silicate  is  formed,  and  the  sulphur  is  driven  off  in  the  shape 
of  SO,  or  SOs,  which  are  collected  and  utilized  in  a  suitable 
manner. 
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Becovery  of  Sulphur. 


ThiB^  as  we  liave  seen^  has  been  aimed  at  by  a  large  number  of 
patents  since  Leighton^s ;  but  none  of  the  methods  proposed  was 
economically  practicable.  It  was  attained^  however,  nearly  simul- 
taneously (in  1861)  by  Schaffner  and  by  Mond,  who  worked  quite 
independently  and  elaborated  processes  differing  from  each  other 
in  many  details.  In  1866  another  process  was  added^  originallj 
suggested  by  E.  Kopp,  but  practically  worked  out  by  Buquet  and 
especially  by  P.  W.  Hoftnann,  and  patented  by  the  latter.  Of  the 
English  patents  the  earliest  is  that  taken  out  by  Mond  (Aug.  13, 
1862)  for  oxidizing  on  trays;  next  followed  Mond's  patent  for 
oxidizing  by  a  current  of  air  in  the  lixiviating-tanks  themselyea 
(Sept.  8,  1868) ;  then  followed  that  of  Schaffner  (Sept.  23,  1865), 
and  last  that  of  P.  W.  Hofmann  (Oct.  8,  1866).  Mond's  process 
is  the  only  one  carried  out  in  EIngland  (by  a  small  number  of  works 
only);  in  Germany  generally  Mond's  and  Schaffner's  processes 
are  combined;  Hofmann's  process  is  only  in  use  at  Dieuze. 

It  is  only  right  to  mention  that  Schaffner,  as  he  has  proved  to 
the  author  by  original  letters,  had  sent  the  description  of  his  process 
to  England  for  the  sake  of  taking  out  a  patent,  twelve  months 
before  Mond^s  patent,  and  that  to  a  Dr.  H.  in  Swansea  (now  dead). 
Through  the  mediation  of  the  latter,  negotiations  were  entered 
upon  with  several  English  manufacturers.  These  negotiations 
were  proceeding  favourably,  but  were  suddenly  broken  off  when 
Mond^s  patent  came  out,  and  when  it  was  discovered  at  the  same 
time  that  Dr.  H.  had,  most  unaccountably,  not  yet  taken  out  a 
patent  for  Schaflftier,  which  was  then  done,  but  too  late.  In  this 
way  the  date  of  Schafiher's  patent  came  to  be  later  than  that  of 
Mond's. 

We  must  also  mention  a  claim  o£  priority  in  respect  of  the 
process  known  as  Mond's,  on  behalf  of  Dr.  Guckelberger,  of  Ring« 
kuhl  near  Cassel  (Jahresb.  f.  Chemie,  1868,  p.  926;  Wagner's 
Jahresb.  1870,  p.  164;  Dingler's  Journal,  ccii.  p.  266;  cciii. 
p.  478).  In  Germany  that  process  is  often  mentioned  as  Guckel- 
berger's;  and  Mond  is  only  mentioned  secondarily,  as  having 
improved  the  process  in  a  few  details.  This  does  not  appear  to  be 
justified  by  the  documents  published.  No  doubt  Guckelberger 
had  made  experiments  for  utilizing  the  sulphur  of  tank-waste  even 
before  Mond,  and  he  had  induced  Mond  to  make  farther  experi* 
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ments  on  this  subject  under  his  direction  in  1869-61.  But  it  is 
not  disputed  at  all  that  these  experiments  did  not  yield  a  satisfac- 
tory result^  any  more  than  those  made  independently  by  GuckeU 
berger  after  Mond  had  left  him^  whilst  Mond  on  his  part  by  inde- 
pendent experiments  and  a  large  number  of  trials  on  the  large 
scale^  at  Utrecht  and  Widnes^  worked  out  his  process^  which  was 
patented  in  1863  (not  to  mention  his  first  patent^  of  1862^  for 
oxidizing  in  thin  layers)  •  Ouckelberger  himself,  in  a  certificate 
published  by  Mond,  dating  from  1862,  speaks  of  ^'  Mond^s  pro- 
cess'^ as  a  successful  one,  and  thus  acknowledges  the  experi- 
ments made  under  his  direction  as  Mond's  mental  property.  Not 
till  1864  did  Ouckelberger  himself  make  regenerated  sulphur  on 
a  large  scale,  which  had  been  done  by  Schaffiier  in  an  impure 
state  in  1860,  in  a  pure  state  ever  since  1862,  as  well  as  by  Mond 
in  the  same  year.  Although  we  must  not  overlook  the  fact  that 
Ouckelberger  worked  on  this  subject  before  Mond,  and  that  he 
had  some  good  ideas  about  it,  yet  he  can  only  be  mentioned  along 
with  the  above-named  English  inventors,  Townsend  and  Walker, 
Jullion,  and  Noble,  whose  proposals  were  not  practically  successful, 
whilst  Mond,  and  not  Ouckelberger,  appears  along  with  Schaffner 
and  Hoimann  as  the  inventor  of  a  process  practically  successful  on 
the  large  scale.  Nobody  seems  to  work  by  Ouckelberger's  process, 
as  far  as  it  essentially  deviates  from  Mond^s ;  but  Mond's  process 
is  used  at  all  English  works  at  which  sulphur  is  recovered. 

Schaffner^s  Process, 

as  may  be  seen  from  his  own  report  (Dingl,  Joum.  cxciii.  p.  42), 
was  quite  gradually  developed.  About  the  year  1859  he  had  con- 
ceived the  idea  of  making  sodium  hyposulphite  from  tank-waste 
(as  some  English  inventors  had  done  previously),  upon  noticing, 
on  hot  summer  days,  that  salt  as  an  efflorescence  on  tank-heaps, 
which  reappeared  after  the  salt  had  been  scraped  off,  and  seemed 
to  show  that  its  collection  and  purification  would  be  a  paying 
process.  In  order  to  remove  a  small  quantity  of  sulphides,  he 
added  a  little  hydrochloric  acid,  because  he  had  foimd  that  this 
actc^  upon  the  sulphides  sooner  than  upon  the  hyposulphite. 
When,  with  a  rising  demand,  the  mass  itself  was  lixiviated  and 
hydrochloric  acid  added  to  it,  much  greater  quantities  of  polysul- 
phides  were  found  in  it^  leading  to  a  copious  evolution  of  sulphu- 
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retted  hydrogen  and  precipitation  of  sulphur.  This  suggested  to 
Schafiher  the  idea  of  making  the  sulphur  the  principal  thing,  and 
studying  the  best  conditions  for  its  recovery.  Very  soon  he  dis- 
covered the  fact^  of  the  greatest  importance  for  that  recovery,  that 
the  waste  after  lixiviation  furnished  good  liquors  by  another  oxi- 
dation and  lixiviation^  and  that  this  process  can  be  repeated  several 
times.  The  first  oxidation  he  always  carried  out  in  the  heaps; 
the  second  and  third,  first  in  pits,  in  order  to  keep  the  heat 
better  together,  but  afterwards  in  the  tanks  for  lixiviating  the 
first  product  with  the  assistance  of  warm  chimney-gases,  which 
takes  only  six  or  eight  hours.  Thus  space  and  labour  is  saved^ 
but  liquors  are  obtained  less  rich  in  polysulphides  than  those 
made  at  the  ordinary  temperature,  and  hence  yielding  rather  less 
sulphur. 

On  decomposing  the  liquors  by  hydrochloric  acid,  very  much 
H^S  was  given  off,  which  caused  extremely  great  annoyance  to 
the  workmen  and  the  neighbourhood,  and  in  which  a  considerable 
quantity  of  sulphur  was  lost.  This  suggested  to  Schafiher  the 
invention  of  his  peculiar  closed  sulphur-precipitating  apparatus, 
which  will  be  described  below, 

Schafiher's  process  in  its  details,  as  carried  on  at  his  works 
at  Aussig,  is  as  follows  : — ^The  first  operation  is  the  oxidation  of 
the  tank-waste  and  the  preparation  of  the  sulphur-liquors.  The 
waste  is  taken  out  of  the  black-ash  lixiviating-tanks  in  a  damp 
state  and  cast  over  a  wall  ten  or  twelve  feet  high,  running  along 
the  factory  in  the  open  air,  with  a  tramway  running  parallel  to  it. 
Against  diis  wall  the  waste  lies,  with  its  natural  slope,  in  lai^ 
heaps.  By  the  action  of  the  sdr,  and  the  oxidation  of  calcium 
sulphide  caused  thereby,  the  heap  gets  hot  after  a  little  while. 
First  chiefly  polysulphides,  afterwards  more  hyposulphite  is  formed. 
It  is  a  matter  of  experience  to  judge  of  the  duration  of  this  first 
stage ;  a  practical  test  for  judging  whether  a  heap  is  "  ripe  '^  is 
the  greenish-yellow  colour  of  its  interior.  This  stage  is  usually 
reached  in  about  three  weeks ;  during  this  time  the  mass  is  allowed 
to  lie  quietly  without  turning.  But  when  it  is  ''ripe''  it  is 
hacked  up,  the  large  pieces  are  broken  up,  aud  the  whole  allowed 
to  lie  another  twenty-four  hours  for  better  oxidation  before  it  is 
lixiviated.  Since  in  the  meantime  the  rain-water  has  caused  a 
partial  involuntary  lixiviation,  the  ground  is  made  to  slope  towards 
a  deep  pit,  in  which  the  draini^e  collects  and  is  pumped  up  from 
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time  to  time  in  order  to  serve  in  the  place  of  fresh  water  for 
lixiviating  the  oxidized  mass.  This  itself  is  done  in  iron  tanks^ 
quite  similar  to  black-ash  tanks^  connected  by  overflow-pipes^  so 
that  always  three  of  them  work  together  and  only  strong  liquors 
are  obtained.  There  are  many  such  sets  built^  each  in  a  long  row 
parallel  with  the  above-mentioned  wall^  and  the  oxidizing-heaps 
at  such  a  low  level  that  the  mass  can  be  tipped  directly  onto 
them.  The  liquors  here  obtained  are  worked  up  as  we  shall  see ; 
the  insoluble  residue  is  oxidized  again.  Formerly  this  was  done 
in  pits^  made  alongside  the  lixiviating-tanks ;  and  as  the  heat  was 
well  kept  together  here^  the  oxidation  took  place  much  more 
quickly  than  the  first  time.  But  the  constant  removal  of  the  mass 
back  into  the  tanks  &c.  cost  much  labour.  SchaSner  consequently^ 
as  Mond  had  already  done  before  him^  substituted  carrying  on  the 
later  oxidation  in  the  lixiviating-tanks  themselves,  all  of  which  are 
connected  by  branches  with  a  fan-blast  for  blowing  in  a  current  of 
air.  In  order  to  further  the  oxidation^  Schaffiier  during  the  cold 
season  does  not  employ  atmospheric  air,  but  warm  (but  not  too 
hot)  chimney-gas,  the  CO^  of  which  also  assists  the  process.  After 
eight  or  ten  hours'  blowing  the  oxidation  proceeds  no  further;  the 
blowing  is  now  stopped^  the  mass  again  lixiviated^  and  the  residue 
again  oxidized  by  blowing ;  and  this  process  of  alternate  oxidizing 
and  lixiviating  is  repeated  altogether  six  times.  In  all  these  six 
oxidations  only  one  third  of  the  recoverable  sulphur  is  obtained ; 
two  thirds  are  obtained  in  the  first  oxidation  in  heaps.  The  reason 
is  that  during  the  spontaneous  slow  oxidation  more  polysulphides 
are  formed^  but  during  the  forced  oxidation  more  hyposulphite^ 
along  with  more  sulphite  and  sulphate^  the  sulphur  of  which  is 
entirely  lost.  For  this  reason  Schaffner  prefers  not  oxidizing  the 
waste  &om  the  first  in  the  soda-lixiviating  tanks,  because  much 
less  sulphur  is  obtained  than  by  lixiviating  in  the  open  air — ^but 
especially  also  in  order  not  to  complicate  the  lixiviation  of  soda^ 
and  to  remove  any  danger  of  contaminating  the  soda-liquors  with 
sulphur-liquors.  Besides,  only  few  works  can  spare  the  room  for 
increasing  the  number  of  their  lixiviating-tanks  so  as  to  make 
them  suffice  not  only  for  the  lixiviation  of  the  black  ash,  but  also 
for  six  or  seven  oxidations  and  lixiviations  of  the  waste ;  they  will 
prefer  casting  the  waste  once  for  aU  upon  a  heap  outside  and 
allowing  it  to  oxidize  slowly  (which  involves  no  manual  labour), 
and  then  carrying  on  its  lixiviations  and  farther  oxidation  in  sepa- 
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rate  tanks^  likewise  in  the  open  air^  where  space  is  not  so  much 
an  object. 

The  residue  ultimately  remaining  is  quite  harmless^  and  is  used^ 
for  instance^  by  railway  companies  in  lieu  of  ballast  on  their  lines. 
A  comparatively  small  portion  of  it  is^  as  mentioned^  employed  in 
the  soda  mixture  in  the  place  of  lime.  After  all^  there  is  not  as 
yet  any  proper  use  for  this  residue^  which  chiefly  consists  of  calcium 
carbonate  and  sulphate^  always  with  a  little  sulphite^  along  with  a 
little  ferric  oxide^  sand^  clay^  and  coal.  In  any  case  it  might  be 
used  as  an  addition  to  lime^  in  the  manner  described  in  Vol.  I. 
p.  264,  for  the  purpose  of  making  a  firm  and  very  cheap  hydraulic 
mortar.  But  many  attempts  have  been  made  (similar  to  those 
mentioned  for  fresh  waste)  to  manufacture  from  this  residue,  by 
burning,  a  real  cement,  which,  analogous  to  Scott^s  selenitic 
mortar,  is  to  replace  Portland  cement ;  and  although  this  problem 
cannot  be  said  to  be  solved  completely,  it  deserves  more  attention 
than  it  has  hitherto  received. 

According  to  communications  on  the  part  of  Mr.  Mond  (whose 
residues  are  quite  analogous  to  Schaffner's)  the  residue,  desul- 
phurized as  completely  as  possible,  is  to  be  mixed  with  a  quarter 
of  its  weight  of  coal- ashes,  which  contain  chiefly  aluminium  silicate 
and  a  little  coke ;  the  mixture  is  charged  into  a  kiln,  damp  as  it 
comes  from  the  tanks,  in  alternate  layers  with  fuel,  and  burnt.  A 
little  HjS  is  given  off  on  charging,  but  no  gas  whatever  in  burning. 
A  kiln  with  a  separate  fireplace,  best  of  all  with  gaseous  fuel, 
would  be  preferable.  In  this  operation  no  doubt  a  mixture  of  CaO 
and  CaS04  will  be  obtained — that  is,  a  product  very  similar  to 
Scott's  selenitic  mortar.  Indeed,  by  grinding  the  burnt  mass  a 
very  good  cement  is  obtained,  which  completely  sets  in  about 
eight  days  and  has  a  considerable  degree  of  hardness ;  a  cube  of 
1^-inch  side  made  of  this  material  can  bear  a  weight  of  2  cwt. 
without  being  crushed.  It  is  very  useful  for  foundations  in  damp 
gi'ound,  artificial  stones,  &c.  One  drawback  is  the  considerable 
efiSorescence  of  sodium  sulphate  exhibited  by  this  cement,  which 
only  ceases  after  several  washings  by  the  rain. 

Schaffner  (according  to  direct  information  received  from  him) 
made  many  similar  trials  and  obtained  an.  excellent  cement;  but  he 
gave  up  any  further  trials  when  a  small  temple,  consisting  of  very 
thin  columns  made  from  this  material,  after  having  stood  very  well 
for  some  time,  suddenly  fell  to  powder.     He  ascribes  this  to  the 
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oxidation  of  calcium  sulphite  to  sulphate^  which  makes  it  expand 
and  loosens  the  mass.  His  trial  was  purposely  made  under  the  most 
difficult  conditions;  and  when  the  cement  is  employed  only  as 
mortar  no  great  inconveniences  need  be  apprehended. 

The  oxidatUm-processes  of  tank-waste  (comp.  also  Chapter  YII.) 
are  different  according  to  the  mechanical  state  and  moisture  of  the 
waste^  its  volume,  the  temperature,  the  greater  or  lesser  speed  (that 
is,  whether  caused  by  the  spontaneous  action  of  the  air  or  by  a 
current  of  compressed  air),  and  especially  according  to  whether 
along  with  the  oxygen  carbonic  acid  (from  chimney-gases)  also  acts 
upon  it.  In  the  oxidation  in  large  heaps,  by  the  gradual  action  of 
the  air  only,  Schaffner  distinguishes  the  following  processes  : — 

(1)  2CaS  +  0=CaO  +  CaS8;  later  on, 

(2)  CaS2  +  30=CaSa08;  still  later, 

(3)  CaS208=CaS08+S;  at  last, 

(4)  CaS03+0=CaS04. 

Reactions  (3)  and  (4)  lead  to  a  loss,  since  both  neutral  calcium 
sulphite  and  the  sulphate  are  almost  insoluble.  The  sulphur  first 
separated  is  again  dissolved  on  lixiviation,  if  concentrated  liquors 
are  mad^,  since  polysulphides  up  to  CaSg  can  be  formed. 

If  CO2  also  acts,  as  on  blowing  with  chimney ^gasesj  the  following 
reactions  may  take  place : — 

(5)  CaS + COj  +  O = CaCOs  +  S. 

This  takes  place  especially  when  the  moisture  is  insufficient ;  the 
normal  reactions  are  ; — 

(6)  CaS  -f  CO, + HjO = CaCOa + H  jS ; 

(7)  CaS  +  HjS  =  Ca  (SH)  2 ;  or,  in  one  equation, 

(8)  2(CaS  +  CaO)  +Hp-f  3COa=3CaC08+Ca(SH)8. 

When  the  chimney-gases  act  further,  their  oxygen  leads  to  reac- 
tions (2),  (3),  and  (4) ;  or  the  following  may  happen  besides : — 

(9)     2CaS-f40-fCOj|=CaS80g+CaC08; 

(10)  CaS5-f80  =  CaSa08+3S; 

(1 1)  CaSOs  -f  S  =  CaSjOs  (only  slowly). 

Lastly,  even  free  sulphur  can  be  formed  from  sulphuretted 

hydrogen 

(12)     H,S+0=H80+S. 

VOL.  II.  2u 
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The  free  sulphur  is  used  up  on  lixiviation  for  the  formation  of 
polysulphides  and^  to  a  smaller  extent^  of  hyposulphites. 

Kraushaar  (Dingl.  Joum.  ccxxvi.  p.  412)  arriTed  at  somewhat 
di£Perent  results  by  an  investigation  of  the  decomposition  of  soda- 
waste.  He  found  that  chiefly  calcium  sulphhydrate^  Ca(SH)2, 
is  formed  in  the  interior  of  a  heap,  probably  by  a  simple  decom- 
position of  calcium  sulphide  and  water:  CaS  +  H^0=Ca(SH)2. 
This  reaction  should  be  assisted  by  keeping  the  surface  of  the  heap 
very  smooth  and  avoiding  cracks  through  which  the  air  can  enter 
into  its  interior.  In  this  way  much  more  of  the  sulphur  of  the 
waste  is  dissolved.  Only  later  on  should  the  air  act ;  and  then  at 
first  polysulphides  will  be  formed — 

Ca(SH  )8 + O = CaS^ + HgO,— 

afterwards  also  hyposulphite,  either  by  the  reaction 

Ca(SH), + 40 = CaSPa  +  H^O, 

or,  more  probably,  by  this — 

CaS2+80  =  CaS803. 

In  fact,  during  the  oxidation-process  the  quantity  of  calcium 
polysulphide  decreases  and  that  of  hyposulphite  rapidly  increases. 
If,  however,  the  oxidation  is  carried  on  too  quickly,  calcium  hypo- 
sulphite, together  with  very  little  polysulphide  and  no  sulphhydrate 
at  all,  is  formed.  [This  must  be  doubted  so  long  as  it  is  not  ex- 
plained why  the  latter  compounds  are  formed  nearly  as  copiously 
in  Mond's  process,  where  air  is  blown  in  from  the  very  first,  the 
whole  process  is  finished  in  a  few  hours,  and  no  time  is  given  for 
the  hydration  of  the  lime  as  demanded  by  Kraushaar.]  The  total 
soluble  sulphur,  according  to  Kraushaar's  experiments,  decreases 
during  the  later  stages  of  the  oxidizing-process  [of  course  after 
reaching  a  certain  maximum],  in  consequence  of  the  further  oxi- 
dation  of  calcium  hyposulphite  to  sulphite  and  sulphate.  But  he 
asserts  that  90  per  cent,  of  the  total  sulphur  of  tank-waste  can  be 
brought  into  solution  as  calcium  sulphhydrate,  if  it  is  mixed  with  a 
little  water  and  exposed  to  the  action  of  steam  at  a  pressure  of  5  at- 
mospheres in  an  iron  vessel  provided  with  an  agitator.  The  calcium 
sulphhydrate  might  be  employed  in  tanning  (comp.  Dingl.  Joum. 
ccxviii.  p.  355) ,  or  might  be  worked  for  sulphur  in  this  way : — ^Treat 
the  tank-waste  with  steam  at  5  atmospheres'  pressure  and  then  filter 
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it ;  spread  out  in  thin  layers  the  slimy  substance  left  on  the  filter ; 
after  24  hours  it  will  be  sufficiently  dry  to  be  broken  up  with  a 
shovel^  will  exhibit  at  its  surface  the  greenish  yellow  colour  cha- 
racteristic of  oxidized  tank-waste,  become  heated,  and  the  Ca(SH}2 
be  transformed  into  CaS,  and  CaS^Og.  The  liquor  containing 
much  of  the  latter  is  to  be  mixed  with  the  previously  obtained 
solution  of  Ca(SH)2  in  such  proportion  that  the  three  sulphur 
compounds  are  present  in  the  proper  ratio  for  precipitation  by  HCl, 
The  increased  cost  for  steam  can  be  more  than  made  up  for  by  the 
smaller  amount  of  labour  [?],  and  especially  by  the  larger  yield. 
It  does  not  appear  that  Kraushaar,  even  in  laboratory  experiments, 
actually  obtained  more  sulphur  as  such  than  with  the  ordinary 
process;  on  the  contrary,  in  trials  made  by  Schaffner  at  Aussig 
(communicated  by  him  to  the  author)  only  a  small  portion  of  the 
sulphur  was  dissolved  by  steam  at  5  atmospheres^  pressure;  and  the 
Ca(SH)2  seems  to  be  decomposed  again  by  the  high  temperature, 
since  on  relaxing  the  pressure  H^S  escaped  in  quantity.  In  no 
case  could  any  thing  like  90  per  cent,  of  the  sulphur  be  obtained ; 
and  the  process  altogether  does  not  seem  to  be  practicable,  owing 
to  the  higher  wages  &c.  required. 

Kraushaar's  process  has  also  been  tried  by  Mr.  Curphey,  assistant 
to  Dr.  R.  A.  Smith,  with  very  much  better  results  (Inspectors' 
Report  for  1877-78,  pp.  15  &  35).  Soda-waste  heated  with  water 
in  a  digester  to  104°  or  105°  C.  gave  a  slightly  yellow  solution 
containing  13'44  grams  of  sulphur  per  litre.  After  heating  it 
five  hours  to  155°  C.  with  water  and  washing,  the  sulphur  of  the 
sulphides  in  the  waste  had  diminished  from  8*43  per  cent,  to  1'18 
per  cent.;  t.  e,  86  per  cent,  had  been  extracted.  By  treating  it  three 
hours  at  160°  C,  82*4  per  cent.,  by  treating  it  34  hours  at  164°  C. 
87*6  per  cent.,  by  treating  it  five  hours  at  140°  C.  889  per  cent,  of 
the  sulphur  was  extracted.  These  results  are  encouraging  enough, 
and  point  to  further  investigation  in  tliat  direction :  but  Dr.  Smith 
thinks  the  treatment  of  soda-waste  under  pressxire  too  expensive ; 
and  the  author  agrees  with  him. 

The  yellow  sulphur-liquors  obtained  on  lixiviation  chiefly  contain 
calcium  polysulphides,  sulphhydrate,  hyposulphite,  and  a  little  of 
the  corresponding  sodium  salts,  according  to  the  percentage  of 
sodium  in  the  waste.  In  the  beginning  more  of  the  compounds 
free  from  oxygen,  later  on  more  of  the  hyposulphites  is  formed  : 
the  proportion  indicated  by  Mond  is  the  most  favourable,  viz, 
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2  molecules  of  the  compounds  giving  off  HgS  to  one  molecule  of 
hyposulphite.  In  any  case  aU  the  liquors  are  run  into  a  common 
tank  and  subjected  together  to  the  following  operation. 

An  analysis  of  the  Aussig  sulphur-liquor  (spec.  grav.  1"065), 
made  by  Salathe  in  the  author^s  laboratory,  yielded  the  following 
composition  in  grams  per  litre . — 

EquiTalent  of  base. 

5*440  grams  sulphur  as  sulphhjdraie,  corresponding  to  1-70 

8-208     „  „  sulphide  „  513 

1-663     „  „  sulphate  „  1"03 

16-064     „  „  hyposulphite  „  5*02 

31-365  12-88 

17*946     „  „  polysulphide. 

25*430     „    lime  (OaO),  corresponding  to  9*08  equivalents  of  S. 

12-896     „    soda  „  416 

13-24 

(We  shall  revert  to  the  formation  and  composition  of  the  sulphur- 
liquors  later  on,  when  describing  Stahlschmidt's  researches.) 

The  decomposition  of  mlphur-Uquors  by  hydrochloric  acid  has 
been  effected  by  Schaffiier  upon  a  very  ingenious  principle,  realized 
by  a  peculiar  apparatus,  and  founded  upon  the  following  facts : — 
Hyposulphites  are  decomposed  by  hydrochloric  acid  with  evolution 
of  sulphurous  acid  and  precipitation  of  sulphur,  thus : — 

CaSjOs + 2HC1  =  CaCl« + SO^  -f  S  +  HgO. 

Besides,  by  SO^  the  soluble  calcium  sulphides,  whether  CaSH^ 
or  polysulphides,  are  converted  into  hyposulphite : 

2CaS5+8SOg  =  2CaSg08+9S. 

The  way  in  which  these  reactions  are  utilized  is  best  shown  in 
the  small  apparatus  represented  in  fig.  254.  The  two  flasks  B  and 
A  are  filled  with  sulphur-liquors.  Hie  tube  a  is  closed  by  a  plug 
and  HCl  poured  through  the  fdnnd-tube  T  into  the  flask  B.  The 
HCl  will  act  first  upon  the  polysulphide  and  sulphhydrate,  before 
the  hyposulphite  is  decomposed ;  consequently  at  first  only  H^S  is 
given  off,  which  in  the  beginning  of  the  operation  is  allowed  to 
escape  into  the  air  :  it  must  first  pass  through  c  into  the  flask  A, 
and  escapes  out  of  this  through  b.  Besides,  of  course,  the  sulphur 
in  excess  is  precipitated  as  such : 

CaSft  +  2HC1  =  CaCL  +  H,S + 4S. 
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W^en  all  the  polysnlpliide  and  snlpliliydrate  has  heen  decompoBed, 
a  further  addition  of  HCl  also  decomposes  the  hjposulpMte,  S 
being  precipitated  and  SO^  becoming  free ; 

CaS,0,+2HCl  =  CaCI,+S0,-f-S  +  H,0. 

The  SO,  likewise  passes  over  into  flask  A,  but  is  absorbed  there, 
since  according  to  the  former  equations  the  polysolphide  is  trans- 
formed into  hyposulphite.  When  the  decomposition  is  complete, 
the  flask  B  is  heated  to  expel  all  the  SO,,  after  which  it  should  only 
contain  a  solution  of  CaClj  and  precipitated  sulphur.  It  is  emptied, 
the  sulphur  collected,  and  the  flaak  again  chained  with  sulphur' 
liquor.  Now  the  tube  6  is  closed^  a  is  opened  and  through  T 
hydrochloric  acid  is  poured  into  the  flask  A.  Since  in  this  all  the 
polyaulphide  is  converted  into  hyposulphite,  no  more  H,S  is  given ' 
ofF,  but  at  oQce  SOj,  which  passes  into  the  sulphur-liquor  in  B 
and  is  absorbed  there,  again  transforming  its  polysulphide  into 
hyposulphite.  When  the  decomposition  in  A  is  finished,  the  sul- 
phur is  again  collected,  the  CaCl,  solution  is  run  away,  and  the 
flasks  charged  with  fresh  sulphur-liquor.  Thus  the  play  constantly 
changes  between  S  and  A ;  and  with  liquor  of  the  proper  compo- 
sition no  gas  whatever  escapes,  except  at  the  start ;  and  even  then 
it  can  be  avoided  by  charging  the  flask  B  the  first  time  with  a 
solution  of  hyposulphite  in  lieu  of  eulphur-liquor. 


Od  the  lar^  scale  tKe  precipitation-apparatiis  is  of  caat-iroD, 
and  is  repreBented  in  6g.  255.  The  letters  here  signify  the  same 
parts  as  in  the  laboratory  apparatus  fig.  254.     A  and  B  denote  the 


precipitating-TesseU ;  I  is  the  liqaor-pipe,  fromvhich  the  liquor  ii 
conveyed  by  an  elastic  tube  now  to  one  and  now  to  the  other  ves- 
sel through  the  openiiigs  g  and  ^.  T  and  T*  are  earthenware  pipes 
for  pouring  in  hydrochloric  acid.  The  pipe  c  is  fixed  on  the  top 
of  A,  whilst  its  other  limb  ends  nearly  at  the  bottom  of  B ;  on  the 
other  hand,  the  short  limb  of  d  sits  on  the  top  of  B,  and  its  long 
limb  dips  nearly  to  the  bottom  of  A.  When  the  gas  is  to  travd 
by  c  from  A  to  B,  the  cock  a  is  closed ;  when  it  has  to  travel  &om 
B  to  A  by  d,  a  is  opened  and  b  is  closed.  Any  excess  of  gas 
escapes  through  R.  After  all  the  acid  has  been  run  in,  and  all 
hyposulphite  has  been  decomposed  (this  should  be  attended  to,  ai 
we  shall  sec  when  treating  of  Mond's  andStahlschmidt's  objections), 
steam  is  admitted  by  the  valve  V  or  V  in  order  to  expel  the  SO, 
dissolved  in  the  liquor ;  then  the  plug  in  the  man-hole  O  or  O  is 
opened,  so  that  the  calcium  chloride  solution  nearly  all  runs  away, 
together  with  the  precipitated  sulphur,  and  is  conveyed  to  the 
filter  by  the  shoot  g  or  ^.  The  pet  cocks  A  or  tf  serve  for  judging 
by  the  smell  whether  all  SO^  has  been  driven  over.  The  cocks//* 
serve  for  judging  of  the  proper  filling  with  the  hqnor  and  of  the 
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progress  of  the  decomposition.  All  the  pipes  have  cleaning-flanges 
in  their  elbows.  The  work  is  carried  on  exactly  as  described  with 
the  laboratory  apparatus. 

The  sulphur  is  precipitated  in  two  forms — ^viz.  from  the  hypo- 
sulphite^ on  adding  HCl^  in  a  semifluid  form^  and  from  the  poly- 
snlphides^  by  SO,,  in  a  finely  divided  state.  The  two  modifications 
unite  to  form  dense  finely-grained  sulphur^  which  settles  down 
rapidly  and  is  easily  filtered.  It  is  separated  from  the  calcium- 
chloride  solution  by  a  tank  with  a  false  bottom^  upon  which  the 
sulphur  remains  behind  and  is  washed  with  water  before  being 
sent  to  the  melting-apparatus.  It  is  not  yet  in  a  pure  state^  but 
mixed  with  gypsum^  often  in  large  quantity^  owing  to  the  sulphuric 
acid  contained  in  the  muriatic  acid^  but,  with  proper  working 
according  to  Schaffiier's  prescription,  not  from  polythionic  acids, 
which  certainly  may  be  formed  by  secondary  reactions,  but  under 
conditions  deviating  from  the  rules  laid  down  by  Scha£Pner,  espe- 
cially at  a  higher  temperature  and  with  longer  contact  of  SO^  with 
undecomposed  polysulphide. 

For  works  where  hydrochloric  acid  is  valuable,  but  where  acid 
still-liquors  from  the  old  chlorine-process  are  available,  Schaffiier 
proposes  a  plan  for  utilizing  the  latter  which  partly  coincides  with 
Hofmann's  process  (see  below) .  The  still-liquor,  which,  along  with 
much  free  acid  and  MnCl^,  also  contains  some  Fe^Clo,  must  first  be 
deprived  of  the  latter.  This  is  done  by  adding  a  little  sulphur- 
liquor;  the  HsS  given  off  at  once  reduces  the  FegClo  to  FeCl^, 
precipitating  sulphur  of  a  dirty  colour  and  only  fit  for  burning. 
If  the  FcjClc  were  not  reduced  first,  it  would  be  so  in  the  preci- 
pitation-apparatus by  the  SO^,  with  formation  of  Ca804,  thus 
causing  a  loss  of  sulphur.  The  still-liquor  can  now  be  used  in  the 
precipitation-apparatus,  its  free  acid  acting  like  so  much  pure 
HCl.  But  if  along  with  the  hyposulphite  any  CaS  is  present, 
HCl  must  first  be  added,  to  decompose  this,  before  stUl-liquor  is 
employed. 

Schafiner's  sulphur-precipitation  apparatus  has  been  successfully 
employed  for  many  years  in  manufacturing-practice.  The  objec- 
tion has  been  raised  (especially  by  Mond,  Chem.  News,  xviii.  159) 
that  it  causes  a  loss  of  sulphur  by  the  formation  of  calcium  tri- 
thionate,  which  decomposes  into  S,  SO,  and  gypsum ;  but  Schaffner 
denies  this,  on  the  strength  of  his  experiments  and  of  the  fact  that 
with  his  process  more  sulphur  is  obtained  than  by  direct  decom- 
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position  of  the  sulphur-liquors.  This  arises  from  the  fact  that 
Schaffner's  apparatus  permits  the  oxidation  to  be  conducted  in 
such  a  manner  that  as  many  polysulphides  as  possible  are  f  ormedj 
which  ai'e  all  converted  into  hyposulphites  by  SO^,  whilst  on  direct 
precipitation  in  an  ordinary  agitator  the  hyposulphite  ought  to  be 
in  slight  excess^  and  the  oxidized  residue  then  contains  more 
insoluble  calcium  sulphite  and  sulphate.  Mond^  who  always  speaks 
of  the  decomposition  of  hyposulphite  by  hydrochloric  acid  at  a 
boiling  heat>  has  overlooked  that  Schaffner  operates  without 
heatings  and  only  at  the  end  admits  steam  for  driving  off  the  SO^. 
Mond  asserts^  according  to  his  theory,  that  in  Schaffner's  process 
only  liquors  rich  in  hyposulphites  can  be  employed,  because  other- 
wise hardly  any  SOj  is  liberated;  whilst,  inversely,  Schafiher 
points  out  as  an  advantage  of  his  process  that  the  oxidation  can 
he  so  conducted  as  to  obtain  liquors  rich  in  polysulphides  and  poor 
in  hyposulphite.  This  contradiction  can  probably  be  explained 
bv  the  fact  that  Mond  and  Schafiher  worked  at  difEerent  tempe- 
ratures. The  same  holds  good  of  the  research  of  Stahlschmidt  to 
be  mentioned  below,  which,  for  the  same  reason  as  Mond's,  is  not 
conclusive  as  to  Schaffner's  process. 

Experiments  made  by  the  author  have  entirely  corroborated 
Schaffner^s  statements.  In  working  with  the  glass  apparatus, 
fig.  254,  SO,  was  admitted  until  all  the  polysulphides  had  been  con- 
verted into  hyposulphite  and  the  liquor  had  been  decolorized  with 
a  strong  precipitation  of  sulphur  (even  a  small  excess  of  SO^  does 
no  harm);  if  then  an  excess  of  HCl  was  added  without  heating,  and 
a  little  time  allowed  to  pass  before  heat  was  applied,  on  the  latter 
taking  place  streams  of  SO^  were  given  off,  and  the  precipitated 
sulphur,  after  filtering  and  washing  till  the  end  of  the  acid  reaction, 
left  no  residue  whatever  on  burning.  Hence  no  calcium  sid- 
phate,  and  previously  no  trithionate,  had  been  formed.  An  exact 
description  of  the  author's  experiments  made  for  refuting  Mond's 
and  Stahlschmidt's  sulphur-precipitation  theory  has  been  published 
in  '  Dingler's  Journal,'  ccxxviii.  p.  252. 

The  sulphur  precipitated  in  Schaffner's  apparatus  appears  in  a 
granular  form,  very  convenient  for  washing ;  nor  does  it  give  out 
such  a  disagreeable  odour  as  that  precipitated  in  Mond's  agitator. 
In  the  latter  the  sulphur-liquor  runs  into  an  acid  liquid ;  this 
causes  the  formation  of  hydrogen  persulphide,  which  adheres  to 
the  sulphur  as  a  stinking  oily  fluid,  and  cannot  be  entirely  driven 


TANK-WASTE.  665 

off  by  melting  with  steam ;  only  the  method  of  purification  intro- 
duced by  Schaffner^  blowing  air  through  the  melted  sulphur^  can 
remove  the  unpleasant  smell. 

Schafiher^  in  spite  of  these  advantages  of  his  apparatus^  has 
recently^  like  Mond^  adopted  precipitation  in  an  agitating  vessel^ 
because  this  kind  of  work  is  simpler  and  better  adapted  for  working 
on  a  very  large  scale^  the  saving  in  wages  and  repairs  makes  up 
for  the  smaller  yield  of  sulphur^  and  the  smell  can  be  removed  as 
just  mentioned. 

The  purification  of  the  precipitated  sulphur  from  the  calcium 
sulphate  has  been  effected  by  Schaffner  by  a  peculiar  method^  which^ 
owing  to  its  great  suitability  for  the  purpose,  has  been  almost 
universally  adopted.  By  it  as  good  as  chemically  pure  sulphur  is 
obtained,  which  is  regularly  sold  as  refined  brimstone.  It  is  not 
at  all  easy  to  purify  the  sulphur  precipitated  in  the  wet  way  by 
melting  or  distillation ;  the  sulphur  is  so  light  and  porous,  and, 
in  consequence  of  the  admixture  of  gypsum,  such  a  bad  couductor 
of  heat  that  the  sides  of  the  melting-pans  may  be  at  a  white  heat 
whilst  the  sulphur  in  the  centre  is  scarcely  warm.  Schaffner  dis- 
covered by  accident  that  the  sulphur  can  be  purified  by  melting  it 
in  a  concentrated  solution  of  calcium  hyposulphite  or  chloride,  the 
boiling-point  of  which  is  above  the  melting-point  of  sulphar ;  but 
this  process  is  a  little  costly  and  uncleanly.  He  ultimately  found 
that  the  difficulty  was  entirely  overcome  by  melting  the  sulphur 
in  a  closed  vessel  under  water  at  apressnre  o/l|  atmosphere  above 
that  of  the  outer  air,  so  that  a  temperature  exceeding  the  melting- 
point  of  sulphur  (111'5°  C.)  is  attained.  In  this  way  not  merely 
is  the  calcium  chloride  adhering  to  the  sulphur  dissolved  in  the 
water,  but  the  gypsum  is  suspended  in  it  as  fine  crystals,  while 
the  melted  sulphur  is  collected  at  the  deepest  part  of  the  pan, 
whence  it  can  be  run  off  and  cast  into  moulds.  Only  after  the 
sulphur,  and  sharply  separated  from  it,  does  the  water,  together 
with  the  gypsum  suspended  in  it,  run  away.  At  the  same  time  with 
the  sulphur  a  little  milk  of  lime  is  put  into  the  apparatus,  in  order 
both  to  neutralize  any  free  acid  and  protect  the  metal  from  it,  and 
to  remove  any  arsenic.  The  lime  with  the  sulphur  forms  calcium 
sulphide,  which  combines  with  the  arsenic  sulphide  to  form  soluble 
calcium  sulpharseniate ;  and  this  passes  over  into  the  water. 
Melting  under  water  consequently  affords  many  advantages.  The 
precipitated  sulphur  need  not  be  washed  very  much,  and  need  not 
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be  dried  at  all ;  it  is  made  free  from  arsenic  and  obtained  at  once 
in  the  refined  state  without  distillation.  It  is  also  an  advantage 
for  casting  in  moulds^  that  by  melting  the  sulphur  in  this  way  it 
cannot  be  heated  beyond  the  point  at  which  it  forms  a  thin  liquid. 

Melting  by  water  under  steam  pressure  has  been  carried  out  in 
a  variety  of  apparatus^  especially  in  England^  mostly  in  order  to 
avoid  employing  the  apparatus  patented  by  Schaffner.  But  the 
latter's  own  apparatus  has  proved  the  best,  and  is  employed  by 
most  works.  It  is  shown  in  fig.  256  with  all  its  details^  from  a 
large  drawing  which  the  author  owes  to  the  kindness  of  Mr. 
Schaflher.  An  inner  cast-iron  cylinder  is  surrounded  by  an  outer 
wrought-iron  one;  the  former  has  no  endsj  but  on  both  sides 
reaches  up  to  the  ends  of  the  latter^  and  is  flanged  to  them.  The 
whole  is  inclined  to  one  side^  so  that  the  sulphur  can  collect  in 
the  lowest  part.  The  sulphur  from  the  filters^  mixed  with  a  little 
milk  of  lime^  is  introduced  in  the  state  of  mud  into  the  inner 
cylinder  through  the  man-hole  M  of  the  outer  cylinder^  and  an 
open  pipe  joined  to  the  same.  The  steam  enters  through  the 
valve  V  into  the  annular  space  between  the  cylinders^  and  then 
through  the  open  branch  o  into  the  inner  cylinder ;  by  an  agitator^ 
whose  shaft  passes  by  glands  through  the  two  ends  and  is  turned 
round  by  means  of  the  pulley  B^  driven  by  an  engine,  the  steam 
is  whipped  up  with  the  mud  of  sulphur  and  water  and  the  heat 
equally  distributed.  X  are  turned  collars  slipped  on  the  agitating- 
shaft,  which  can  be  easily  renewed  when  worn  out ;  V  is  a  valve 
for  running  off  the  condensed  water;  Y"  another,  for  blowing  off 
the  steam  at  the  end  of  the  operation ;  S,  a  rod  with  a  tapering 
plug  for  tapping  the  sulphur ;  P,  a  removable  shoot  for  preventing 
the  sulphur  from  being  squirted  about  in  running  off;  T,  a  vessel 
for  receiving  the  melted  sulphur.  The  dome  C  is  provided  because 
on  blowing  off  the  steam  through  V"  the  inner  liqmd  boils  up 
violently,  and  without  the  dome  it  would  be  projected  into  the 
outer  cylinder. 

The  yield  of  melted  sulphur  at  the  Aussig  works  amounts  to  14 
parts  for  each  100  parts  of  pure  sodium  carbonate  (in  the  shape  of 
soda  ash). 

The  sulphur  melted  by  Schaffher's  apparatus  was  from  the  first 
practically  as  pure  as  refined  brimstone ;  but  it  could  not  at  first 
easily  compete  with  the  latter^  because  its  colour  was  rather  darker. 
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owing  to  traces  of  organic  substances^  because  it  had  the  above-* 
mentioned  disagreeable  smell  of  hydrogen  persulphide  (discovered 
in  it  by  A.  W.  Hofmann^  Deutsch.  chem.  Ges.  Ber.  i.  p.  82)^  and 
because  it  was  more  bulky  than  Sicilian  brimstone.  The  colour 
could  soon  be  improved  by  increased  cleanliness  in  manipulating ; 
but  the  bad  smell  could  not  be  eiasily  got  rid  of.  Schaffner  at  last 
succeeded  in  doing  this  by  the  following  process : — ^The  sulphur  is 
melted  up  again  in  a  cast-iron  pot^  and  a  strong  current  of  air 
blown  through  it  by  a  blowing-engine  for  some  hours.  Thus  not 
merely  is  all  hydrogen  persulphide  removed^  but  also  any  mecha- 
nically enclosed  water ;  moreover,  at  the  bottom  of  the  melting-pot 
a  little  black  FeS  is  found,  which  would  otherwise  give  to  the 
sulphur  a  greenish  tinge ;  the  latter  thus  becomes  more  purely 
yellow.  It  was  the  enclosed  water  that  made  the  recovered  sulphur 
more  porous  and  consequently  specifically  lighter,  exciting  the  pre- 
judice of  match-makers  against  it.  After  this  treatment  it  is  cast 
in  moulds,  and  cannot  be  distinguished  by  its  colour,  density,  &c. 
from  refined  Sicilian  brimstone. 

There  were  made  by  Schaffner's  process  in  1872:— >  at  Aussig 
600  tons  of  sulphur  along  with  2000  tons  of  hyposulphite  of  soda; 
at  Stolberg  (by  a  combination  with  Mond's  [Process)  285  tons, 
at  Griesheim  200  tons,  at  Heufeld  115  tons,  at  Heinrichshall  and 
Liineburg  100  tons  each. 

MondPs  Process, 

In  no  quarter  is  it  disputed  that  the  experiments  of  Mond,  who 
at  that  time  was  chemist  at  the  Bingkuhl  works  near  Cassel,  were 
suggested,  in  1860,  by  Guckelberger,  the  manager  of  the  works. 
But  it  is  nowhere  asserted  that  Guckelberger  had  previously  made 
any  original  discovery — except  by  Tiemann,  in  Hofmann^s  'Bericht,* 
i.  p.  480,  according  to  whom  Guckelberger,  like  Schaffner,  had 
noticed  the  tendency  of  tank-waste  to  yield  several  liquors  by 
repeated  oxidation  (which  Mond  claims  to  have  done  himself,  in 
Chem.  News,  xviii.  p.  157), — or  that  his  experiments  and  those  made 
by  Mond  under  his  direction  had  led  to  any  practically  available 
result.  Hence  Mond  cannot  be  denied  the  full  merit  of  having, 
after  leaving  Ringkuhl,  by  independent  researches  and  entirely 
novel  ideas  discovered  a  practically  available  and  economically 
successful  process.     His  experiments  were  from  the  first  directed 
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towards  hastening  the  slow  process  of  oxidation.  He  first  at- 
tempted (Tiemann^  /.  c.  p.  480)  to  hasten  the  oxidation  by  exposing 
the  waste^  in  casks  with  perforated  false  bottoms^  each  carrying  a 
chimney^  to  an  ascending  current  of  air — but  not  with  the  desired 
success^  as  the  spongy  state  of  the  waste  interfered  with  the 
entrance  of  the  air.  He  furtjier  tried  spreading  the  waste  in  thin 
layers  on  trays  and  exposing  it  to  the  air.  This  process  he  pa- 
tented in  France  in  1861^  and  practically  carried  it  out  at  Utrecht. 
It  took^  however^  too  much  time^  space,  and  labour  to  be  available 
for  large  works,  as  Mond  saw  most  clearly  when,  in  1861,  he 
came  to  England.  He  found  here  tank- waste  obtained  by  Buff- 
Dunlop's  lixiviating  process,  and  consequently  much  more  open 
than  that  obtained  by  Clement^s  process,  to  which  he  had  been 
accustomed.  This  induced  him  to  return  to  his  first  idea,  of  oxi- 
dizing the  waste  by  an  artificial  current  of  air.  This  time  his 
experiments  were  crowned  with  success — ^in  the  first  place,  because 
the  waste  was  more  suitable  for  it,  and,  secondly,  he  produced  a 
much  more  energetic  current  of  air  by  means  of  a  S  chicle's  fan- 
blast.  The  English  patent  for  this  process  is  dated  from  Sept.  8th, 
1863.  The  most  important  communications  on  his  process  are 
contained  in  the'Chem.  News,  xvi.  pp.  27  &41,  xviii.  p.  157,  and 
in  a  pamphlet  on  the  Recovery  of  Sulphur  from  Alkali-waste 
(1869)  *. 

The  description  given  in  the  following  is  chiefly  based  on  the 
practical  working  of  the  process  as  arranged  by  the  author  under 
Mond's  direction,  and  carried  out  for  a  number  of  years. 

The  most  striking  difierence  between  the  process  of  Mond  on 
the  one  hand,  and  those  of  Schafiner  and  Hofmann  on  the  other, 
is  this — that  in  the  former  the  tank- waste  remains  in  the  black-asb 
tanks  and  is  oxidized  in  these,  and  that  it  is  only  cast  out  after 
being  desulphurized,  thus  permitting  a  more  continuous  operation 
than  oxidizing  in  heaps.  The  number  of  tanks  for  this  purpose 
must  be  increased  in  the  ratio  of  4 :  10 ;  it  is  better  to  increase 
them  even  in  a  little  ampler  proportion.  Moreover  the  tanks  must 
be  provided  with  some  special  contrivances  for  this  object.     They 

*  One  of  Mr.  Mond's  workmen  at  Widnes,  B.  Jones,  on  May  25ih,  1864,  took 
out  a  patent  for  an ''  improvement,'*  whicli  did  not,  however,  turn  out  sucoessfiiL 
It  consisted  in  blowing  steam  into  the  waste  till  its  temperature  got  up  to  93°  C, 
then  lixiviating  with  water  and  steam,  ngain  exposing  to  steam  and  air,  and  so 
forth. 
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have  now  three  functions  to  perform  in  succession  : — 1st,  the  ordi- 
nary lixiyiation  of  black  ash ;  2nd,  the  oxidation  of  the  waste ; 
3rd,  the  lixiviation  of  the  sulphur-liquor.  The  functions  2  and  3 
must  be  carried  out  alternately  at  least  three  times,  better  four 
times,  or  even  more  frequently. 

In  the  first  place,  the  tanks  must  be  so  arranged  that  the  liquor 
contained  in  them  can  be  completely  run  off;  any  sulphur-liquor 
remaining  in  them  would  give  the  greatest  possible  trouble  in  the 
next  following  black-ash  lixiviation.  Unless  the  tank-bottoms  are 
from  the  first  inclined  to  one  side  and  the  cocks  so  placed  that  the 
whole  of  the  liquor  can  be  run  off,  a  sloping  false  bottom  of  bricks 
set  in  cement  must  be  put,  to  effect  the  same  purpose.  The  whole 
tank  must  be  thoroughly  cleansed  every  time,  after  finishing  the 
lixiviation  of  sulphur-liquor,  by  a  strong  jet  of  water  and  brushing 
out  aU  the  comers.  This  is  somewhat  troublesome ;  and  the  com- 
plete cleaning  of  the  tanks  cannot  be  depended  upon,  as  is  soon 
shown  by  the  quality  of  the  ash.  Hence  some  factories  entirely 
separate  the  black-ash  lixiviation  from  the  sulphur-recovery,  by 
arranging  the  black-ash  tanks  above  those  for  the  sulphur-recovery 
process,  and  providing  the  bottom  of  the  former  with  a  trap  door, 
accessible  from  below  and  closing  watertight,  corresponding  with 
one  of  the  movable  sieve  plates  above.  After  finishing  the  soda- 
lixiviation  and  running  off  the  water,  the  bottom  trap  is  opened, 
the  sieve  plate  above  it  removed,  and  the  waste  shovelled  down 
into  the  stdphur-tanks.  In  this  case  the  soda-tanks  are  made  as 
usual ;  but  where  all  the  tanks  are  at  a  level,  all  of  them  must  be 
provided  both  with  the  ordinary  fittings  of  black -ash  tanks  and 
with  those  peculiar  to  the  recovery-tanks.  These  latter  are  a  con- 
trivance for  blowing  in  air  and  another  for  washing  out  the  sulphur- 
liquor.  For  generating  the  current  of  air  a  Schiele^s  noiseless  fan- 
blast  is  employed,  as  shown  in  figs.  257  and  258,  from  two  sides. 
Such  a  fan  of  2  feet  diameter  suffices  for  smaller  works,  one  of  3  ft. 
for  the  largest  works ;  the  moving  power  required  is  only  1  or  2 
horsepower.  The  highest  necessary  pressure  is  4  inches  water;  but 
1  inch  is  mostly  sufficient.  From  the  fan-blast  an  8-inch  pipe  of 
galvanized  sheet  iron  passes  high  above  the  tanks,  so  as  not  to 
interfere  with  the  work  in  them,  and  sends  a  4-inch  branch  into 
each  of  them.  The  portions  of  the  air-pipes  in  the  tanks  them- 
selves must  be  made  of  cast  iron,  in  order  to  stand  the  pressure  of 
the  mass  and  the  rough  touches  of  shovels ;  these  cast-iron  pipes 
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cany  on  their  top  the  simple  shnt-ofT  ralvea  ehowD  in  figs.  259  and 
260;  as  a  small  loss  of  air  ia  of  no  moment,  nothing  more  expen- 
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sire  IB  needed.  Such  a  valve  is  a  box-like  expansion  of  the  pipe, 
in  which  a  small  cast-iron  slide  is  pat  in  more  or  less,  to  regnlate 
the  access  of  the  air  or  shut  it  off  altogether.  Experience  hai 
shown  that  the  air-pipe  need  not  have  any  branches  below  the 
donble  bottom;  and  the  latter  itself  is  a  sufficient  distributing- 
apparatos. 

In  order  to  jadge  how  far  the  slide  is  to  be  opened  each  time, 
the  differential  ether-imemometer,  described  in  Vol.  I.  p.  331,  is 
employed.  First  it  is  foond  out  once  for  all  for  each  tank  what 
pressnre  the  instrument  shows  for  proper  oxidation ;  and  the  later 
.operations  are  regulated  accordingly.  In  order  to  apply  the  anemo- 
meter, a  l-inch  hole,  usually  closed  by  a  plug,  is  made  in  the  air-pipe. 
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The  progress  of  the  oxidation  is  moreover  tested  by  outward 
appearance.  The  mass  becomes  hot  (up  to  90°) ;  steam  issues 
from  it ;  and  first  green^  then  yellow  spots  appear,  which  ultimately 
cover  the  whole  surface ;  and  at  last  the  mass  becomes  quite  dry. 
If  the  blowing  were  continued  too  long,  it  would  become  red-hot. 
A  very  faint  smell  of  H2S  is  frequently  noticed.  The  duration  of 
the  operation  is  partly  determined  by  these  tests,  partly  by  the 
experience  to  be  gained  individually  at  every  works,  as  to  the  kind 
of  work  by  which  the  proper  proportion  between  sulphides  and 
hyposulphite  is  attained.  Usually  from  14  to  16  hours  suffice  for 
fully  developing  the  action  of  the  air ;  by  longer  blowing  no  more 
sulphur  becomes  soluble,  since  then  only  hyposulphite,  sulphite, 
and  sulphate  are  formed. 

The  fittings  for  Uxiviixting  the  soluble  sulphur  compounds 
formed,  if  there  are  separate  tanks  for  the  sulphur-recovery,  are 
quite  similar  to  those  of  black-ash  tanks.  But  if  both  the  black- 
ash  work  and  the  sulphur-recovery  are  carried  on  in  the  same  set 
of  tanks,  the  lixiviation  belonging  to  the  sulphur -recovery  is  carried 
out  by  running  off  the  liquor  through  the  bottom-cock  and  pump- 
ing it  up  into  another  tank.  For  this  purpose  three  shoots  run 
along  the  tanks  underneath  the  bottom-cocks,  leading  into  as  many 
store  wells ;  one  of  them  serves  for  weak  soda-liquor,  another  for 
weak  sulphur-liquor,  the  third  for  strong  sulphur-liquor.  The 
weak  sulphur-liquor  is  pumped  up  into  a  just  oxidized,  dry  tank, 
and  in  this  becomes  strong,  so  that  it  runs  off  at  the  bottom  as 
strong  liquor.  The  lixiviation  is  then  continued  with  fresh  water, 
and  the  resulting  liquid  collected  as  weak  sulphur-liquor,  as  soon 
as  its  specific  gravity  falls  below  13°  Tw. ;  when  it  falls  below  1  J° 
Tw.  the  feed  of  water  is  stopped. 

This  process  is  evidently  much  more  troublesome  than  the  usual 
soda-lixiviation ;  and  partly  for  this  reason,  but  especially  for  the 
sake  of  greater  cleanliness,  it  is  now  preferred  to  carry  on  the 
sulphur-recovery  in  separate  sets  of  tanks,  which  causes  a  little 
more  expenditure  for  labour,  but  makes  the  process  comparatively 
independent  of  the  soda-lixiviation. 

At  least  three  alternate  oxidations  andlixiviations  will  be  neces- 
sary; six  will  be  advantageous,  in  order  to  recover  as  much  sul- 
phur as  possible.  The  oxidizing  lasts  from  14  to  16  hours,  the 
lixiviation  10  to  12  hours ;  from  this  the  size  and  number  of  the 
tanks  can  be  computed  for  each  works.     For  three  oxidations  the 
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sulpbar-recoveiy  process  really  takes  twice  as  many  tanks  as  the 
soda-lixiviation^  and  for  further  oxidations  more  in  proportion. 
[Mond  allows  72  hours  for  three  oxidations  and  lixiyiations^  which 
means  only  half  as  much  tank-space  again  as  for  the  soda-lixivia- 
tion,  the  latter  usually  taking  48  hours ;  but  that  hurries  the  process 
too  much^  and  frequently  causes  embarrassment.] 

It  is  very  important  that  the  sulphur-liquors  shall  always  possess 
the  proper  composition;  and  this  is  more  usually  attained  by  regu- 
lating the  strength  of  the  current  of  air^  its  duration  being  left  un- 
changed. Mond  has  paid  special  attention  to  this  matter^  and  has 
indicated  simple  analytical  methods  for  testing  the  sulphur-liquors. 
The  liquors  are  theoretically  right  when  on  adding  a  strong  acid  ex- 
actly 2  HjS  and  1  SO3  are  liberated  from  them^  which  at  the  moment 
of  liberation  decompose  to  2H2O+3S,  and  thus  yield  water  and 
stdphur  but  no  gas.  First  it  is  ascertained  how  much  decinormal 
iodine  solution  a  certain  volume  of  the  sulphur-liquor  requires  to 
turn  a  starch  solution  blue^  and  then  how  much  iodine  is  required 
for  the  same  volume  after  zinc  acetate  has  been  added  and  the 
precipitate  of  ZnS  has  been  filtered  and  washed.  It  is  better  to 
take  the  double  volume^  add  the  zinc  solution^  dilute  to  100  c.  c, 
filter  through  a  dry  filter,  and  employ  50  c.  c.  for  titrating  with 
iodine.  In  the  former  case  the  polysulphides,  stdphhydrate,  and 
hyposulphite  are  estimated  together^  in  the  second  only  the  last* 
The  reactions  are  : — 

1.  CaS^+2I        =  Calj  +  Sx; 

2.  Ca(SH),4.4I  =  CaI,+2HI  +  2.S  ; 

3.  2CaS,08  +  2I  =  Cala  +  CaS^Oe. 

K  we  compare  these  equations  with  those  representing  the  decom- 
position by  acids^  we  find : — 

al.  CaSx+2HCl        =  CaCls  +  HjS  +  S^-ij 

a  2.  Ca(SH),  +  2HCl  =  Caa3+2H,S  j 

a  3.  2CaS303  +  4HCl  =  2CaCl,+2SO,+2S+2H,0. 

Consequently,  according  to  both  1  and  2,  eacli  HjS  corresponds 
to  two  I ;  but  in  3  to  SO3  only  one  I.     Since  we  know  tbat  there 
ought  to  be  2  HjS  to  1  SO,,  it  follows  that,  for  four  atoms  of  iodine 
required  for  polysulphides  and  sulphhydrates,  only  one  of  iodine 
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ought  to  be  taken  up  by  hyposulphite.  Hence  the  iodine  required 
for  the  original  sulphur-liquor  ought  to  he  five  times  as  much  as  that 
required  for  the  liquor  after  precipitation  by  the  zinc  salt.  This 
proportion  will,  of  course,  be  accurately  attained  only  exceptionally; 
it  should  be  approached  as  nearly  as  possible :  but,  in  order  to  avoid 
the  escape  of  H3S  in  the  further  treatment,  any  excess  ought  to  be 
on  the  side  of  the  hyposulphite ;  and  hence  the  second  figure  ought 
to  be  rather  more  than  one  fifth  of  the  first. 

It  is  also  possible  to  calculate  the  total  sulphur  contained  in  the 
liquor  and  the  quantity  of  HCl  required  for  precipitating  it.  To  a 
certain  quantity  of  the  liquor,  say  8'2  c.  c.  (=  -nr  equivalent  of 
sulphur  in  c.  c.)^  a  little  starch  solution  is  added,  and  then  deci- 
normal  iodine  till  it  turns  blue.  The  liquid  is  decolorized  by  a 
drop  of  sodium-hyposulphite  solution,  a  little  litmus  added,  which 
will  turn  it  red,  and  decinormal  soda  solution  run  in  till  it  turns 
blue.  According  to  the  above  equation  No.  2,  the  hydriodic  acid 
set  free  (and  accordingly  the  standard  soda  used  in  the  last  titration) 
corresponds  to  the  quantity  of  sulphhydrate.  The  hyposulphite  is 
found  by  a  separate  titration  with  iodine  after  precipitation  by 
zinc  salt ;  and  when  both  are  deducted  the  polysulphide  is  left. 
If  we  employ  for  each  iodine  titration  3'2  c.  c.  sulphur-liquor,  and 
assume  with  Mond  that  the  polysulphide  is  chiefly  CaS^  (this  is 
not  correct,  as  we  shall  see  below,  but  quite  sufiiciently  near  the 
truth  for  practical  purposes),  we  reckon  as  follows.  We  add  up 
the  cubic  centims.  of  iodine  solution  required  for  both  titrations, 
deduct  the  cubic  centims.  of  decinormal  soda  solution,  and  'divide 
by  10 ;  this  shows  the  percentage  of  sulphur  in  the  liquor.  It 
arises  in  this  way  : — CaS^  furnishes  for  each  cubic  centim.  of  deci- 
normal iodine  0'0032  S;  Ca(SH)2  only  half  as  much,  for  which 
reason  we  deduct  the  decinormal  soda  required  for  neutralizing  the 
corresponding  quantity  of  HI  formed ;  CaS^Os  furnishes  twice  as 
much,  for  which  reason  the  iodine  used  up  in  titrating  for  hypo- 
sulphite alone  is  added  to  that  used  up  for  the  original  liquor. 
The  usual  percentage  of  the  liquors  is  4  to  7  per  cent,  sulphur. 

Another  plan,  elaborated  by  Wahlert  (Dingl.  Joum.  cxcii.  63), 
permits  estimating  the  sulphur  of  the  polysulphide,  but  requires  for 
its  execution  as  many  hours  as  that  of  Mond  takes  minutes.  He 
decomposes  the  liquor  by  passing  through  it  a  current  of  CO^  till  the 
decomposition  of  the  sulphides  is  complete,  estimates  the  sulphur 
in  the  precipitate  by  weight  after  dissolving  the  CaCOs,  and  in  the 
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filtrate  the  hyposolpliite  by  iodine  solution.  In  a  separate  sample 
he  estimates  by  ammoniacal  silver  solution  the  quantity  of  sulphur 
driven  off  as  H^S  by  acids.  The  exact  method  of  Stahlschmidt^ 
which  is  far  too  tedious  for  factory  use^  will  be  mentioned 
below. 

From  the  quantity  of  sulphur  that  of  muriatic  acid  can  be  easily 
calculated,  since  each  32  S  requires  36*5  HCl.  But,  according  to 
Mond,  less  acid  than  that  calculated  is  always  used,  certainly  not 
to  the  advantage  of  the  process,  since  by  the  formation  of  trithi- 
onic  and  a  little  pentathionic  acid  a  portion  of  the  sulphur  is  always 
lost  as  calcium  sulphate.  Mond  represents  the  decomposition  of 
calcium  hyposulphite  as  different  from  that  stated  in  all  chemical 
treatises  and  assumed  in  Schaffner^s  process  (viz. — 

CaSA  +  ZHCl  =  CaClj+SOa+S  +  HjO) ; 

he  asserts  that  comparatively  little  sulphur  and  next  to  no  sulphu- 
rous acid  are  formed,  but  chiefly  trithionic  and  a  little  pentathi- 
onic (?)  add,  by  the  reaction 

5CaSjO,+6HCl  =  3CaCl,  +  3H20+2CaS80e  +  4S. 

• 

On  boiling,  the  trithionate  is  decomposed  into  calcium  sulphate, 
sulphur,  and  sulphurous  acid.  The  latter  converts  the  undecom- 
posed  portion  of  the  hyposulphite  into  trithionate,  by  the  well- 
known  reaction 

2CaS208+3SO,  =  2CaS80«+S. 

The  newly  formed  trithionate  again  decomposes,  and  so  forth. 
Owing  to  these  reactions,  a  solution  of  calcium  hyposulphite  can 
be  completely  decomposed  into  S,  CaS04>  and  very  little  SO^^  if  it 
be  heated  to  boiling  and  a  quantity  of  acid  be  added  to  it  sufficient 
for  saturating  half  of  the  calcium  dissolved.  Where  muriatic  acid 
is  very  valuable,  Mond  proposes  to  act  in  this  way ;  but  otherwise 
he  does  not  advise  it,  because  much  sulphur  is  lost  as  gypsum,  and 
this  makes  the  recovered  sulphur  very  impure. 

This  matter  has  been  more  closely  investigated  by  Stahlschmidt 
(Dingl.  Joum.  ccv.  p.  229).  He  draws  attention  to  the  almost 
forgotten  former  experiments  of  Schone  (Poggend.  Annal.  cxvii. 
p.  58),  which  prove  that  calcium  cannot  exist  in  solution  with  less 
than  4  molecules  of  sulphur;  if  less  than  3  mol.  of  sulphur  to 
1  mol.  of  CaS  are  brought  into  contact  with  water,  only  so  mucU 

2x2 
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CaS  is  dissolved  that  CaS4  can  be  formed^  the  remaining  CaS  being 
indifferent  and  forming  with  water  Ca(0H)3  and  Ca(SH)s.  The 
former  is  partially^  the  latter  entirely  dissolved  along  with  the 
CaS4.  The  latter  can  dissolve  another  molecule  of  sulphnr,  with 
heat  even  more ;  and  it  is  very  apt  to  crystallize  together  with  more 
lime.     Herschel  obtained  such  a  compound  having  the  formtda 

3CaO,  CaS4  +  I2H2O; 

according  to  Schone  this  can  only  be  formed  in  the  presence  of  an 
excess  of  lime  and  calcium  hyposulphite.  The  crystals  made  by  H. 
Rose  were  also  obtained  by  Schone ;  he  does  not,  however,  like  Hose, 
assume  the  presence  of  CaSs  in  them,  but  gives  them  the  formula 

4CaO,  CaS^  +  ISHgO  (calcium  oxytetrasulphide) ; 

they  are  always  formed  whenever  CaS^  meets  with  Ca(OH),  and 
Ca(SH)s.  Most  probably  this  salt  is  always  present  in  the  sulphur- 
liquors,  where  all  the  conditions  for  its  formation  exist,  along  with 
CaSg;  lower  sulphides  are  excluded;  but  in  some  conditions 
HerschePs  salt  might  occur  in  them  as  well. 

Besides  calcium  compounds,  there  must  always  be  sodium 
compounds  in  sulphur-liquors,  which  should  not  be  overlooked 
when  analyzing  these ;  tank- waste  mostly  contains  a  considerable 
percentage  of  soda  [most  of  it  certainly  in  an  insoluble  form; 
but  a  portion  of  it  doubtless  will  become  soluble  during  the 
oxidation] . 

Stahlschmidt  found  Rose's  salt  (as  the  author  has  also  done)  in 
a  sulphur-liquor  kept  for  several  months  with  exclusion  of  air,  in 
splendid  orange-red  needles  3  to  5  inches  long ;  on  analysis  he 
found  Schone's  formula  confirmed.  The  same  compound  can  be 
precipitated  momentarily  from  sulphur-liquor  by  alcohol  in  the 
form  of  coruscating  scales  and  needles,  and  that  in  large  quantity. 
If  the  air  is  not  completely  excluded,  the  crystals  decompose  in 
the  liquor.  Moreover  Stahlschmidt  obtained  from  the  liquors, 
deprived  of  the  oxytetrasulphide  by  alcohol,  by  further  addition  of 
alcohol,  a  white  precipitate  of  calcium  sulphite  (CaSOj  +  ^HjO), 
and,  in  the  last  portion  of  the  precipitate,  also  calcium  hyposul- 
phite. The  calcium  sulphite  once  precipitated  did  not  dissolve 
again  in  fresh  liquor;  hence  Stahlschmidt  supposes  it  to  exist 
as  the  compound  CaSOs  +  2CaS  +  6  aq,  which  Euhlmann  had 
accidentally  noticed,  in  the  shape  of  yellow  crystals,  on  old  tank- 
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heaps  (see  p.  633),  and  which  is  split  up  by  alcohol.    In  the  last 
mother  liquors^  after  several  months  a  crystallization  of  sodium 
hyposulphite  set  in ;  but  the  presence  of  either  trithionic^  or  tetra- 
thionic^  or  pentathionic  acid  could  not  be  proved.    The  occurrence 
of  free  sulphur,  dissolved  by  the  calcium  polysulphides,  was  proved 
by  shaking  with  carbon  disulphide,  that  of  calcium  and  sodium 
sulphhydrates  by  the  evolution  of  H^S  with  a  solution  of  manga-^ 
nese.    Besides,  CaSs  and  CaS^  can  be  detected  by  analysis.    Hence 
there  are  found  in  the  liquors: — CaSs;  4CaO;  CaS4  +  18aq;  CaS04; 
CaSO,;  Na^SA;  NaHS;  Ca(SH)2;  and  S. 
Stahlschmidt's  analytical  method  was  as  follows. 
For  estimating  the  hyposulphite  and  sulphite  he  does  not,  as 
usual,  precipitate  the  sulphides  by  a  zinc  salt,  but  by  neutral 
MnCIj,  because  MnS  is  more  easily  washed ;  or  else,  like  Wahlert, 
he  precipitates  with  COs  and  boils :  in  both  cases  the  filtrate  is 
titrated  with  iodine  solution,  which  indicates  SOj  together  with 
S2O3H2,  since  the  H^S  must  at  once  transform  th&  former  into  the 
latter.    Another  portion  of  the  liquor  is  precipitated  with  absolute 
alcohol,  the  precipitate  first  washed  with  alcohol,  then  with  water, 
in  order  to  redissolve  the  calcium  and  sodium  hyposulphite  also 
precipitated;  and  the  CaSOs  remaining  on  the  filter  is  titrated 
directly  by  iodine ;  its  quantity  is  subtracted  from  that  previously 
found  by  iodine ;  but  only  half  of  the  quantity  of  iodine  found  4n 
the  secoiid  case  must  be  calculated,  because  hyposulphite  only 
requires  half  as  much  iodine  as  sulphite.     Thus  the  hyposulphite 
originally  present  is  ascertained.     [What  becomes  of  the  calcium 
oxytetrasulphide  also  precipitated  by  alcohol  ?]     In  separate  por- 
tions of  the  liquor  the  sulphuric  acid  is  estimated  by  barium  chlo- 
ride, the  total  lime  by  ammonia  and  ammonium  oxalate,  the  total 
soda  as  NaCl  by  boiling  with  hydrochloric  acid,  filtering  off  the 
sulphur,  and  precipitating  the  lime  as  oxalate ;  the  total  sulphur 
by  adding  solid  CuClj,  in  order  to  fix  the  HgS,  and  oxidizing  with 
faming  nitric  acid ;  the  sulphhydrate  by  Mond's  process  indicated 
above.    The  polysulphides  are  calculated  from  the  difference,  by 
deducting  from  the  total  sulphur  the  sulphur  of  the  sulphites, 
hyposulphites,  and  sulphates ;  also  from  the  total  lime  the  calcium 
of  the  sulphite,  sulphate,  and  sulphhydrate.      [The  hyposulphite  is 
assumed  by  Stahlschmidt  to  exist  exclusively  as  a  sodium  salt, 
because,  after  treating  with  COg  and  boiling,  no  reaction  for  lime 
cotdd  be  obtained  in  the  liquid.]     The  two  numbers  thus  obtained 
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for  calcium  and  sulphur  yield  1  molecule  of  Ca  to  1*9  molecule  of 
S  ;  but  it  cannot  be  assumed  that  CaS^  occurs  in  the  liquors,  for 
the  reasons  above  quoted;  and  it  must  be  assumed  that  4CaO^ 
CaS04  is  present^  along  with  about  1  molecule  of 'CaSg^  as  the 
calculation  shows.  [It  must  be  acknowledged  that  the  assumption 
of  Mond^  that  the  liquors  contain  CaS^^  is  practically  sufficient  for 
calculating  the  sulphur  contained  in  them.]  Altogether  the  liquor 
examined  by  Stahlschmidt  contained  in  25  cub.  centims. : — 

CaSg  0-309  gram. 

4CaO,CaS04+18aq 1106  „ 

CaS04 00333  „ 

CaSOg    0-275  „ 

Na^SjOa    0-8453  „ 

CaHjSa 00704  „ 

NaHS    0-3869  „ 

S    0-1213  „ 

[This  analysis  should  be  compared  with  that  made  in  the  author's 
laboratory,  p.  660,  which  was  performed  by  a  process  somewhat 
different  from  Stahlschmidfs,  and  described  in  Dingl.  Joum. 
ccxxviii.  p.  258.] 

With  reference  to  the  decomposition  of  the  sulphur-liquor  by 
hydrochloric  acid,  Stahlschmidt  adopts  the  opinion  of  Mond,  ac- 
cording to  which  the  large  quantity  of  calcium  sulphite  found  in 
the  precipitated  sulphur  is  to  be  ascribed  not  merely  to  the  sul- 
phuric acid  present  in  the  muriatic  acid,  but  to  the  formation  and 
subsequent  decomposition  of  trithionic  acid.  Pure  SO^  acts  upon 
sulphur-liquor  so  that  the  sulphides  are  completely  decomposed 
with  separation  of  S  and  H^S,  with  which  it  at  once  forms  hypo- 
sulphites. This  plan,  long  ago  opened  out  by  SchafEner,  is  excellent 
for  manufacturing  sodium  hyposulphites.  If  more  SO,  is  passed 
into  the  liquor,  when  already  neutralized  by  SOj  and  filtered, 
no  separation  of  sulphur  takes  place;  hence  the  calcium  hypo- 
sulphite is  not  decomposed  any  further.  But  on  heating,  very 
soon  calcium  sulphate  and  sulphur  are  precipitated.  Pure  cal* 
cium  hyposulphite  is  not  decomposed  in  this  way  on  heating  its 
solution,  but  chiefly  according  to  the  equation 

CaS20,  +  HaO=CaS04+HaS ; 

it  is  otherwise  when  SO^  is  present,  because  then  the  conditions 
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are  given  for  forming  calcium  trithionate^  which  is  first  formed 
and  on  heating  is  decomposed  into  CaS04^  SO^^  and  S.  The  same 
occurs  when  calcium  or  sodium  hyposulphite  is  mixed  with  but 
little  HCl;  for  then  the  SO3  liberated  acts  upon  the  unchanged 
salt  as  above ;  but  when  all  the  HCl  necessary  for  decomposing 
the  salt  is  added  at  once,  no  formation  of  CaS04  takes  place. 
'^  Sulphur-liquor  *'  behaves  quite  similarly^  except  that  by  gradual 
addition  of  HCl  first  the  sulphide  and  sulphhydrate  are  decomposed 
with  evolution  of  HjS,  and  only  at  the  end  is  SO^  formed  as  well. 
The  proportion  between  liquor  and  acid  ought  to  be  such  that  no 
SO)  is  in  excess ;  thus  the  smallest  quantity  of  gypsum  is  formed. 
If^  howeveV,  after  the  transformation  of  all  the  sulphide  and  sulph- 
hydrate into  hyposulphite  SO3  is  still  present^  trithionate  is  formed, 
and  by  its  decomposition  sulphur  is  lost  as  gypsum.  In  Schaffiier^s 
process  the  formation  of  trithionate  and  consequently  of  gypsum  on 
decomposing  the  liquor,  treated  with  SOj,  by  HCl  seems  to  result 
from  the  oxidized  waste  being  especially  rich  in  hyposulphite,  which 
liberates  much  SO9  on  the  decomposition  of  the  liquor  by  HCl. 

The  author  cannot  consider  Stahlschmidt^s  last  opinion  conclu- 
sive.    To  the  formation  of  trithionic  acid  (on  which  he  lays  and 
Mond  formerly  laid  so  much  stress)  the  hyposulphite  originally 
present  in  the  liquor  must  be  indifferent,  since  in   Schaffiier's 
process  all  the  sulphur  compounds  (except  the  sulphates)  are  con- 
verted into  hyposulphites  before  the  hydrochloric  acid  acts  upon 
them.     An  original  excess  of  hyposulphites  in  the  liquor  could  act 
injuriously  only  in  this  way — ^if  during  the  action  of  SOj  upon  the 
liquor,  converting  its  sulphide  and  sulphhydrate,  a  considerable 
quantity  of  S0«  remained  dissolved  without  alteration,  and  then 
gave  rise  to  the  formation  of  trithionic  acid.     But  this  might  be 
easily  remedied  by  partly  or  entirely  omitting  to  expel  the  SOs 
from  the  liquor  treated  with  HCl,  which  cannot  do  much  harm ; 
moreover  Schaffner  himself  points  out  that  the  composition  of  the 
liquor  to  be  aimed  at  is  that  in  which,  for  ISO^,  2H3S  are  given 
off,  just  as  Mond  wishes,  in  which  case  no  excess  of  SO3  is  present. 
Moreover  Schaffner  employs  heat  only  at  the  end  of  the  operation, 
in  order  to  expel  Hie  SO2.     Trithionic  acid  has  never  been  proved 
to  be  present  as  such;  and  its  formation  is  spoken  agadnst  by 
experiments  (unpublished)   of  Schaffner's  with  pure  hydrochloric 
add,  as  well  as  by  the  author^s  own  (p.  664),  in  which  no  CaSO* 
was  formed. 
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If  indeed  it  should  be  confirmed  that  in  Schaflfner's  two-boiler 
apparatus  more  gypsum  is  formed  than  in  Mond's  process^  of  which 
the  absolutely  contrary  is  asserted  by  Schaflher  from  his  own  ex- 
perience, in  the  author^s  opinion  this  could  only  be  caused  by  the 
fact  that  in  Mond^s  agitating-tub  the  sulphur-liquor  receives  the 
necessary  HCl  all  at  once,  in  Schafiner's  apparatus  only  gradually. 
That  the  temperature  of  60°  C,  necessary  in  Mond's  process,  is 
not  required  by  Schafi^ner  when  passing  in  the  SO^,  speaks  for  the 
latter  and  against  the  former,  so  far  as  trithionic  acid  is  concerned. 
Direct  experiments  upon  this  matter  are  not  before  the  public; 
and  thus  not  even  the  fact,  let  alone  its  cause,  can  be  established, 
whether  in  one  of  the  processes  more  gypsum  is  formed  than  in  its 
rival.  The  author's  own  experiments  did  not  indicate  any  forma- 
tion' of  trithionic  acid  even  on  gradual  addition  of  HCl  and  at 
a  raised  temperature ;  it  could  only  be  established  when  free  SO^ 
was  in  contact  with  hyposulphite  for  some  time,  or  when  (which 
comes  to  the  same)  an  insufficient  quantity  of  HCl  was  employed 
for  decomposing  sulphur-liquor. 

Mond's  ordinary  decomposing-process  (which  is  the  only  one 
employed  in  practice)  is  as  follows.  A  little  sulphur-liquor,  which, 
as  mentioned  above,  should  contain  two  molecules  of  sulphide  to 
one  of  hyposulphite,  is  added  to  a  little  acid  till  there  is  a  slight 
excess  of  sulphide;  then  sufficient  acid  is  added  to  saturate  the 
total  calcium ;  a  quantity  of  liquor  equivalent  to  the  last  acid  is 
added;  then  again  acid,  then  liquor,  and  so  forth  till  the  vessel  is 
filled.  At  last  only  half  of  the  acid  needed  is  added,  and  steam  is 
blown  in  till  the  temperature  has  risen  to  60°  C.  Above  this  more 
gypsum  is  formed ;  below  40°  C.  HgS  escapes,  and  the  sulphur 
does  not  settle  well.  All  this  is  much  simpler  in  practice  than  it 
appears  on  paper. 

The  operation  is  carried  on  in  a  wooden  tub  provided  with  a 
mechanical  agitator  and  an  open  steam-pipe.  This  tub  is  first  a 
quarter  or  one  third  filled ;  best  of  all,  sufficient  CaCl^  solution  from 
the  last  operation  is  left  in.  By  blowing  steam  in,  the  temperature  is 
raised  to  60°  C.  Now  a  stream  of  muriatic  acid  and  another  of 
sulphur-liquor  are  run  in  at  the  same  time  below  the  surface  of  the 
liquid,  regulated  so  that  a  very  slight  excess  of  acid  remains  in  the 
liquid.  This  is  recognized  by  pouring  a  few  drops  of  sulphur-liquor 
into  a  sample  of  the  milky  cream-coloured  liquid,  which  ought  not 
to  change  its  colour ;  but  a  few  drops  more  (the  free  acid  now  being 
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saturated)  should  turn  the  colour  grey,  by  precipitating  a  little  FeS 
from  the  FeClj  always  present.  (Mond  formerly  prescribed  a  small 
excess  of  sulphur-liquor.)  The  muriatic  acid  may  be  dilute,  down 
to  5^  or  6°Tw.,  e,g.  the  weak  acid  from  post  condensers  mixed  with 
a  little  strong  acid.  The  applicability  of  weak  acid  is  a  great  ad- 
vantage of  Mond's  continuous  precipitation-process.  The  colour 
of  the  liquid  where  the  sulphur-liquor  enters  will  necessarily  be 
that  of  the  latter  (that  is,  yellow  or  dark  green) ;  from  that 
place  towards  the  inlet  of  the  acid  it  becomes  black,  grey,  milk- 
white,  at  last  (close  to  the  acid-pipe)  as  yellow  as  butter.  If  the 
proportion  between  acid  and  liquor  is  right,  the  colours  will  con- 
stantly keep  their  places,  and,  for  instance^  the  grey  colour  not 
come  nearer  to  the  acid-pipe  or  go  further  away  from  it. 

The  tub  must  be  covered  over ;  the  agitating-shaft  passes  through 
the  centre  of  the  cover,  which  also  has  a  manhole  and  a  gas-pipe. 
The  latter  is  connected  with  a  chimney  in  order  to  take  away  any 
gas ;  but  in  a  properly  conducted  operation  no  gas  at  all  ought  to 
escape.  At  the  commencement  of  the  operation  some  H^S  may 
easily  escape ;  but  this  can  be  prevented  almost  entirely  by  begin- 
ning with  a  certain  bulk  of  liquid,  especially  if  it  contains  rather 
more  hyposulphite,  and  at  once  raising  its  temperature  to  60°  C, 
which  temperature  must  be  maintained  all  through,  but  never  ex- 
ceeded by  more  than  about  5°. 

When  the  tub  has  been  run  quite  fuU,  the  agitator  being  kept 
constantly  going,  about  two  thirds  of  its  contents  are  run  out 
through  a  plug-hole  in  the  bottom.  This  liquid,  a  solution  of 
CaClj  with  a  little  free  acid,  holding  sulphur  and  gypsum  in  sus- 
pension, is  run  upon  the  filter  by  means  of  a  shoot.  Another  way 
of  working  is: — Fixing  an  earthenware  pipe  in  the  side  of  the 
tub  a  foot  above  the  bottom,  ending  in  a  cock  or  an  india-rubber 
tube  and  clamp,  through  this,  as  soon  as  the  tub  is  full,  as  much 
of  the  muddy  liquid  is  continuously  run  ofi^  as  is  supplied  at  the 
top ;  but  then  both  the  liquor-  and  the  acid-pipe  must  end  just 
bdow  the  surface  of  the  liquid,  so  that  the  decomposition  may  be 
perfect  before  the  mixture  gets  to  the  running-ofiE  pipe.  This 
must  be  checked  by  pet-cocks  put  in  at  difierent  heights  from  the 
bottom.  The  most  suitable  plan  seems  to  be  that  introduced  by 
Kraushaar  at  Thann  (Dingl.  Joum.  ccxxvi.  p.  415).  A  wooden 
tub,  6  feet  6  inches  in  diameter  and  5  feet  high,  is  provided  with 
an  agitator  made  of  iron  and  wood ;  the  liquor  enters  from  an  iron 
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pipe  outside  the  tub^  close  above  its  bottom^  and  the  add  through  a 
wooden  pipe  inside^  so  that  liquor  and  acid  meet  at  the  same 
point  near  the  bottom  of  the  tub.  The  heating  is  done  by  a  steam- 
pipe  entering  from  the  outside.  A  beginning  is  made  bj  half- 
filling  the  tub  with  water^  heating  this  to  70^  C.^  and  starting  the 
agitator.  Now  sulphur-liquor  and  add  are  run  in  in  such  pro- 
portions that  the  liquid  remains  acid,  but  a  sample  of  the  same, 
after  settling,  gives  only  a  very  slight  precipitate  on  adding  more 
-acid  [sic;  no  doubt  it  should  be  "more  sulphur-liquor''].  This 
proves  that  no  free  HCl  is  present  as  yet,  but  only  SO2.  The  tub 
has  a  lateral  overflow-pipe  12  inches  below  its  top,  through  which 
the  solution  of  CaCl^  and  the  S  run  away  when  tiiey  have  risen  to 
that  level.  The  tub  accordingly  always  remains  filled  up  to  that 
height,  even  at  night  when  the  work  is  stopped ;  and  H^S  can  never 
escape  (as  several  years'  work  has  shown),  since  on  rising  in  the 
liquid  it  has  an  opportunity  of  decomposition  with  the  SO^i  always 
present  in  excess.  The  liquid  running  away  mostly  smells  of  SO3, 
because  on  oxidizing  the  waste  a  small  excess  of  hyposulphite  is 
preferred  to  an  excess  of  the  more  troublesome  HjS. 

The  separation  of  the  stUphurfrom  the  mother  liquor,  containing 
chiefly  CaClg,  along  with  small  quantities  of  CaSjOs,  free  SO^,  &c., 
can  either  be  effected  by  running  the  muddy  liquid  upon  a  wood 
filter,  the  lath  bottom  of  which  is  covered  with  sail-cloth,  or  it  is 
run  through  a  series  of  settling-vessels,  entering  on  one  side  at  the 
top,  and  leaving  again  at  the  top  on  the  other  side.  On  passing 
across,  the  largest  portion  of  the  sulphur  deposits  already  in  the 
first  settler;  three  will  mostly  suffice  for  obtaining  a  perfectly 
clear  liquid  at  the  end.  This  process  does  not  permit  washing  the 
sulphur  at  the  same  time  (which  is  not  necessary  with  Schaffner's 
melting  process),  but  is  less  troublesome  than  the  easily  stopped-up 
sail-cloth  filters,  which  mostly  allow  some  of  the  finely  divided 
sulphur  to  pass  through  and  thus  after  all  necessitate  separate 
settlers. 

Mond  expresses  the  final  result  of  the  reactions  which  take 
place  in  his  mixing-tub  by  the  following  formula  (translated  into 
modem  notation)  : — 

CaSA  +  2CaS,+6HCl  =  8CaCl3+8HjO+  (2-|-a?)S. 

[It  should  be  (2+ar)S.] 
But,  according  to  him,  the  actual  reaction  is  very  different  from 
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tbat  formula^  since  probably  all  the  snlpbur  acids  are  formed^ 
especially  in  consequence  of  the  action  of  the  hyposulpburous  acid 
and  the  sulphurous  acid  formed  by  it.  All  these  polythionic  acids 
are  reconverted  into  hyposulphite  by  the  calcium  sulphide  of  the 
sulphur-liquors  added : 

3SA  +  2CaSy=2CaS303+  (3«+2y-4)S; 
8S,05  +  5CaSy=5CaSA+  (3a?+5y-10)S. 

When  more  HCl  is  added^  only  hyposulphurous  acid  and  its 
products  of  decomposition  are  formed^  which  are  again  converted^ 
without  any  evolution  of  gas^  into  sulphur  and  hyposulphite^  of 
which  in  the  end  a  slight  excess  remains.    This  by  an  insufficient 
addition  of  HCl  is  converted  into  sulphate  and  sulphur.     In  prac- 
tice  about  90  per  cent,  of  the  calculated  quantity  of  acid  is 
required  for  completely  decomposing  a  liquor  of  proper  composi- 
tion ;  but  if  an  excess  of  hyposulphite  is  present^  less  acid  is  used 
[in  other  words^  more  sulphur  is  lost  as  gypsum].     Thus  90  per 
cent,  of  the  sulphur  contained  in  the  liquor  is  obtained  in  a  nearly 
pure  state ;  after  filtering  and  washing  out  the  CaCl^  it  need  only 
be  melted  up  in  an  iron  pot  to  obtain  an  article  with  no  more  than 
O'l  to  1  per  cent,  impurities.     If  in  the  place  of  ordinary  muriatic 
acid  the  acid  still-liquors  from  the  old  manufacture  of  chlorine 
are  employed^  a  dark-coloured  sulphur  with  5  per  cent,  impurities 
is  obtained.     [On  the  large  scale  the  latter  was  never  done^  even 
before  the  recovery  of  manganese  had  become  general.] 

The  above  description  by  Mond  (1867)  refers  to  his  first  pre- 
scription^ according  to  whicb  a  sUght  excess  of  sulphur-liquor  was 
to  be  employed^  while  afterwards  he  found  it  more  suitable  to 
proceed  as  described  by  us  previously^  viz.  leaving  a  small  excess 
of  acid.    Whichever  way  the  work  be  done^  there  is  always  far  too 
much  gypsum  in  the  precipitated  sulphur  for  the  latter  to  be  puri- 
fied by  simple  fusion;  consequently  all  the  factories  working  by 
Mond^s  process  have  adopted  Schaffner's  melting  under  water  by 
steam-pressure.     Many  apparatus  are  employed  for  this  ;  none  of 
which  come  up  to  Schaffiier's  in  facility  of  manipulation.     We 
shall  accordingly  only  give  a  sketch  of  the  apparatus  employed  by 
several  [English  works.     Fig.  261  represents  the  cover^  seen  from 
the  top  ;  fig.  262  is  half  a  front  elevation^  half  a  section.     The 
melting- vessel  is  of  cast  iron^  open  at  the  top,  with  semiglobular 
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bottom,  4  feet  6  inches  wide  and  8  feet  high.  The  cover,  strength- 
ened  by  ribs  and  fastened  by  many  Bcrew-bolts,  has  a  diameter  of 
6  feet  4  inches.  In  its  centre  there  is  a  man-hole  with  a  lid,  a, 
2  feet  4  inches  wide,  fastened  by  swiTel-bolts.  A  steam-pipe  b 
ends  at  the  bottom  of  the  vessel  in  a  perforated  ring  j  another  pipe 
G,  open  at  the  bottom  and  provided  with  a  cock  immediately  above 
the  cover,  serves  for  blowing  off  the  melted  sulphur  at  the  end  of 
the  operation  by  means  of  the  steam  pressure  existing  in  the 
apparatus.  As  soon  as  the  steam  changes  into  a  muddy  watery 
liquid,  its  direction  is  changed.  Here  certainly  ScbaSner's  agi- 
tator, and  with  it  some  trouble  in  renewing  bearings  &c.,  is  saved ; 
the  steam-jacket  can  also  be  easily  replaced  by  a  separate  envelope. 
But,  on  the  other  hand,  it  easily  happens,  when  the  steam-pressure 
in  the  main  pipe  sinks,  that  the  liquid  sulphur  is  driven  back  into 
the  main  eteam-pipe  by  the  higher  pressure  within  the  apparatoa. 
To  prevent  any  great  damage  from  this,  there  ought  to  be  a  back- 
pressure valve,  opening  towards  the  melting-pot,  but  automatically 
closed  by  the  sulphur  when  forced  back. 

Mond  in  1867  stated  the  yield  of  sulphur  by  his  process  at  10 
to  11  per  cent,  of  the  sulphate  employed  in  the  black-ash  mixture 
— i.  e.  half  of  the  sulphur  contained  in  the  same,  or  60  per  cent, 
(in  1868  he  says  only  50  per  cent.)  of  the  sulphur  contained  in  the 
tank-waste,  [The  difference  of  10  percent,  is  owing  to  the  sodium 
sulphate  going  away  in  the  soda-ash.]  This  amount  is  a  maximom, 
only  attained  by  many  oxidations  and  Uxlviations.    At  Stolberg 
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16  per  cent,  on  tbe  soda  ash  is  obtained^  which  about  eqnals  the 
above  figure ;  but  usually  less  than  that  is  recovered.  The  cost 
of  the  process  is  stated  by  Mond  at  £1  per  ton  of  sulphur ;  but 
this  is  oiily  for  labour  and  fuel^  and  nothing  is  calculated  for 
muriatic  acid^  of  which  at  least  3  parts  of  the  strongest  kind  are 
required  for  each  ton  of  sulphur.  Even  without  calciQating  the 
acid,  Mactear  states  the  cost  price  of  the  sulphur  recovered  by 
Mond's  process  at  Tennant^s  works  at  three  times  the  sum  men* 
tioned  by  Mond  himself. 

As  is  easily  seen,  the  stages  of  Mond's  and  Schaffiier's  process 
are  interchangeable  without  any  detriment  to  the  principle  of 
sulphur-recovery;  and  in  many  respects  this  has  actually  been 
done.  Thus  Schaffner  has  taken  from  Mond  the  carrying-on  of 
the  subsequent  oxidation  in  the  tanks  themselves,  whilst  retaining, 
for  good  reasons,  the  first  oxidation  in  heaps.  On  the  contrary, 
the  factories  working  by  Mond^s  process  have  so  much  felt  the 
disadvantage  of  employing  the  same  set  of  tanks  for  lixiviating 
black  ash  and  recovering  sulphur,  that  they  frequently,  like 
Schaffner,  carry  on  these  operations  in  separate  sets  of  tanks. 
Muddy  waste,  at  any  rate,  cannot  be  oxidized  in  the  tanks,  but 
only  in  heaps.  The  second  stage,  that  of  precipitating  by  muriatic 
acid,  is  mostly  effected  by  Mond^s  plan,  recently  even  at  Schaffner's 
works,  although  for  smaller  works  Schaffner  prefers  his  own  plan. 
For  the  last  stage,  that  of  purification,  Schaffher^s  melting  under 
water  has  been  adopted  everywhere.  Hence  the  sulphur-recovery 
process  as  carried  on  in  most  places  must  be  regarded  as  a  com- 
bination of  several  features  taken  from  both  processes. 

P.  W.  Hofmann^s  Process. 

The  only  other  method  of  sulphur-recovery  which  has  been 
carried  out  in  practice  for  any  length  of  time  is  that  of  P.  W. 
Hofmann,  worked  out  at  Dieuze  with  the  assistance  of  E.  Eopp  and 
Buquet,  and  patented  in  1866.  A  tank-heap  of  thirty  years'  accu- 
mulation  draining  into  a  watercourse,  the  owners  were  compelled 
to  seek  for  a  process  by  which  the  tank- waste  might  be  rendered 
harmless.  Without  detaining  ourselves  with  the  initial  stages  of 
this  process,  we  will  describe  it  after  the  accounts  most  recently 
given  by  E.  Kopp  (Wurtz,  Dictionn.  de  Chimie,  ii.  p.  1593), 
Tiemann  (Hofmann's  Bericht,  i.  p.  484),  Buquet  (Dingler's  Jour- 
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nal^  cxci.  p.  304)^  Bosenstielil  {ib,  p.  464)^  Bichters  {cp.  cii. 
cxcii.  pp.  64,  133). 

Hof  mannas  process^  as  we  shall  see,  is  founded  upon  the  em- 
ployment of  the  acid  manganese  still-liquors.  Since  at  the  time 
of  his  invention  these  were  as  bad  a  nuisance  as  the  tank-waste, 
there  was  some  justice  in  considering  this  a  special  merit,  as  Kopp 
does ;  but  the  same  thing  could  not  but  lead  to  great  complica- 
tions by  making  one  part  of  the  process  dependent  on  the  other : 
to  works  where  no  chlorine  was  made,  it  was  inapplicable  from 
the  first.  Since  at  the  present  time  the  chlorine  still-liquors  are 
no  longer  a  waste  product  injurious  to  health,  but  serve  for  the 
recovery  of  manganese  peroxide,  this  fact  alone  would  prevent  the 
extension  of  Hofmann's  process. 

The  principles  of  this  process  are  these :— *The  tank-waste  is 
oxidized  in  heaps,  but  the  oxidation  hastened  by  introducing  a 
certain  quantity  of  iron  and  manganese  sulphide.  This  is  done 
by  pumping  chlorine  still-liquors,  neutralized  in  a  way  described 
below,  into  a  tank,  one  comer  of  which  is  fenced  off  by  wicker- 
work  in  order  to  retain  any  rough  solid  bodies.  The  tank  is  three- 
quarters  filled'  up ;  and,  with  constant  stirring,  5  or  6  tons  of 
tank -waste  are  thrown  in,  till  all  the  iron  has  been  thrown  down 
as  FeS;  this  is  shown  by  a  sample  of  the  filtered  Uquid  with 
sulphur-liquor  yielding,  instead  of  a  black  or  grey,  a  flesh-coloured 
precipitate  of  MnS.  A  large  excess  of  waste  is  employed,  which 
mechanically  carries  down  the  PeS,  without  precipitating  much 
manganese.  The  waste  remains  impregnated  with  manganese- 
liquor,  which  very  much  quickens  its  oxidation,  as  well  as  that  of 
more  waste  with  which  it  is  mixed, — ^the  oxidation  then  occupying 
only  six  or  seven  days,  instead  of  three  weeks,  as  inSchafiher's  case. 
The  way  in  which  FeS  and  MnS  assist  the  oxidation  we  have  seen, 
p.  455. 

The  heaps,  50  feet  long,  from  10  to  13  feet  broad,  and  5  to  6 
feet  high,  are  turned  over  several  times,  and  gradually  brou^t 
nearer  to  the  lixiviating-tanks,  which  are  made  in  brickwork  in 
cement  with  wooden  false  bottoms,  three  combined  to  form  a  set. 
Each  tank  holds  a  day's  work,  along  with  30  tons  of  water.  By 
washing  the  waste  first  with  weak  siQphur-liquor,  then  with  water 
for  three  days,  a  liquor  of  23°  Tw.  is  obtained,  very  rich  in  poly- 
sulphides.  These  ^^  first  yellow  liquors  *'  contain  in  100  parts 
6-516  S,  2-468  Ca,  01 72  CI.     The  residue  is  thrown  out,  oxidized 
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for  three  days  in  the  air,  and  again  lixiviated,  yielding  the  "  oxi- 
dized yellow  liquors  '^  of  21°  to  25^  Tw.,  rich  in  hyposulphite,  and 
employed  for  neutralizing  the  acid  still-liquor,  along  with  a  little 
of  the  first  liquor.  Analyses  hy  Wohlert  (Dingl.  Joum,  excii. 
p.  64)  do  not,  however,  show  a  very  great  diflferenee  between  the 
two  liquors.  The  new  residue  is  cast  upon  a  heap ;  it  still  becomes 
strongly  heated  on  lying,  but  is  said  to  yield  no  more  coloured 
drainage.     Kopp  mentions  only  two,  Tiemann  three  oxidations. 

The  chlorine  still-liquors,  which  now  come  into  play,  contain 
chiefly  free  chlorine,  HCl,  PejClg,  and  MnClg.  They  are  ''neu- 
tralized ''  by  mixing  them  with  such  a  proportion  of  yellow  liquor 
that  some  excess  of  SO^  remains.  Since  the  mixing  cannot  be 
done  so  accurately  as  to  avoid  all  evolution  of  H^S,  it  is  performed 
in  an  air-tight  lead  apparatus,  the  H^S  gas  is  conducted  through  a 
wood  fire,  burnt  to  SO^,  and  this  is  absorbed  by  ''  first  yellow 
liquors.'*  A  good  deal  of  sulphur  is  precipitated  by  the  free  CI  and 
HCl,  and  by  the  reduction  of  Fe2Cl6  to  FeClj ;  it  is  coloured  grey 
by  some  PeS ;  and  56*8  kilog.  per  cubic  metre  of  yellow  liquor 
(about  5  per  cent,  by  weight)  are  obtained.  It  is  filtered,  washed, 
and  dried.  The  "  neutralized ''  still-liquor  is  now  cleared  of  iron 
in  the  manner  mentioned  in  the  beginning  of  this  description,  after 
which  it  contains  only  MnClg  and  CaCl^.  It  is  completely  settled, 
and  ''  first  yellow  liquor  "  run  in ;  flesh-coloured  MnS,  mixed  with 
the  excess  sulphur  of  the  polysulphides,  falls  down.  Any  hyposul- 
phite contained  in  the  liquor  is  lost,  since  it  does  not  precipitate 
the  manganese.  [This  loss  and  that  of  the  H^S  of  the  sulphhy- 
drates,  which  also  causes  a  great  nuisance,  are  serious  drawbacks 
to  the  process.]  The  precipitate  obtained  contains  about  55  MnS, 
40  free  sulphur,  and  5  Mn^Og  (58-6  per  cent.  S),  which  approaches 
the  proportion  of  1  Mn  to  3  S. 

The  ultimate  residue,  after  being  exposed  to  air  for  some  time, 
is  said  by  Hofinann  to  contain  no  "CaS,  but  66  per  cent.  CaS04, 
31  Ca(0H)3  with  a  little  CaCOs,  AI2O3,  FegOg,  MngO^,  &c.  But 
no  other  chemist  has  found  such  residues  free  from  oxidizable  sul- 
phur compounds,  even  when  weathered  for  some  years*  Bichters 
(whose  analyses  are  detailed  in  '  Dingler^s  Journal,'  /.  c)  found 
22  to  29  per  cent,  calcium  sulphite,  and  up  to  6  per  cent,  hyposul- 
phite,  in  them. 

The  MnS  quickly  turns  brown  in  the  air,  and  oxidizes  in  an  ana- 
logous manner  to  FeS,  viz.  forming  Mn203  and  free  sulphur. 
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Bichters  (/.  c.)  gives  detailed  analyses  of  the  oxidized  product — 
which,  by  the  way,  prove  that  it  still  contains  about  ^  per  cent,  of 
PcjOs.  It  is  easily  burnt  in  the  ordinary  brimstone-burners.  The 
residue  weighs  about  one  half  of  the  quantity  employed,  and,  ac- 
cording to  Hofmann,  contains  44*5  MnSO^,  18*9  MnO^,  36*6  MnO  : 
more  exact  analyses  are  given  by  Richters.  Thus  a  good  deal  of 
sulphur  stiU  remains  in  this  residue ;  say,  20  to  25  per  cent,  of  the 
total  sulphur.  According  to  RosenstiehPs  proposal  it  is  mixed 
with  an  equivalent  of  nitrate  of  soda,  and  heated  in  the  same.bumers 
as  before;  the  nitrous  gas  given  off  is  conveyed  into  vitriol-chambers; 
and  the  residue  now  consists  of  sodium  sulphate  and  an  oxide  of  man- 
ganese corresponding  to  55  per  cent.  MnO^.  By  first  exhausting 
with  water  the  residue  from  burning  the  MnS,  boiUug  down  the 
solution,  drying,  and  heating  with  NaNOs,  a  product  equal  to  70 
per  cent.  MnO<2  can  be  obtained.  The  sodium  sulphate  contained 
in  the  washings  from  the  manganese  is  boiled  down  to  diyness  or 
worked  up  for  ''  pearl  hardening  "  (p.  576) .  The  manganese  oxide 
is  said  to  be  very  well  adapted  for  glass-works,  because  it  is  free 
from  iron ;  but  the  demand  for  such  is  very  little ;  nor  can  it  he 
said  to  be  quite  free  from  iron,  as  Richters  has  shown. 

Buquet  {L  c.)  states  the  following  yields  from  a  factory  turning 
out  daily  20,000  litres  of  still-liquors  and  80  tons  of  tank-waste, 
viz.  1*4  ton  of  pure  (?)  sulphur,  2*2  tons  of  sulphur  in  metallic 
sulphides,  0'77  ton  of  manganese  oxides  containing  60  per  cent 
MnOg,  20  kUog.  of  calcium  hyposulphite,  and  0*6  ton  of  calcium 
sulphate.  The  cost  price  of  sulphur  is  said  to  be  40  to  50  francs 
per  ton.  These  statements,  proceeding  from  an  '^  inventor,''  must 
be  received  with  the  usual  caution. 

P.  W.  Hofmann's  process  is  evidently  extremely  complicated ; 
and  this  would  appear  even  more  clearly  from  a  more  detailed  de- 
scription than  we  have  given.  It  is,  moreover,  dependent  upon 
using  up  still-liquors,  which  nowadays  are  nowhere  a  waste  pro- 
duct, and  upon  utilizing  the  MnS  and  nitrous  gas  for  vitriol- 
making.  There  is  always  a  loss  of  nitre  in  that  operation ;  nor  can 
the  vitriol-chambers  do  with  only  as  much  nitrous  gas  as  the  re- 
covery of  manganese  would  supply ;  consequently  nitric  acid  would 
have  to  be  made  by  admitting  air  and  water.  This  plan  has  failed 
entirely,  and  has  been  given  up  even  at  Dieuze.  In  any  case  a  large 
portion  of  the  manganese  was  lost  along  with  the  oxidized  tank- 
waste  ;  and  that  which  was  recovered  was  only  a  very  inferior  article 
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for  chlorine-making.  The  solution  of  sulphate  of  soda  would  rarely 
pay  for  boiling  down.  The  yield  of  sulphur  must^  from  the  causes 
above  mentioned^  have  been  much  less  than  in  Mond's  or  Schafiner's 
process  ;  it  was  very  impure  ;  and  the  cost  of  labour  must 
necessarily  also  have  been  much  greater  than  in  either  of  these  two 
processes.  These  drawbacks  have  led  to  the  abandonment  of  the 
process  everywhere  except  at  Dieuze^  where  it  is  said  to  be  partially 
employed  yet. 

Complete  Recovery  of  Sulphur  and  Lime  from  Tank-waste. 

We  shall  conclude  this  Chapter  by  describing  in  ewtenso  the  new 
process  of  Schaffner  and  Helbig  (patented  in  England^  March  9th^ 
1878)^  which^  if  it  succeeds  as  well  in  the  long  run  as  it  has  done 
hitherto^  seems  destined  to  put  the  final  touch  to  Leblanc's  pro- 
cess, since  it  entirely  does  away  with  the  only  serious  drawback 
attached  to  that  process,  viz.  the  tank-waste. 

The  sulphur-recovery  processes  hitherto  in  use  are  based  essen- 
tially on  oxidizing  the  tank- waste  to  a  certain  extent,  dissolving  out 
the  sulphur-liquor,  and  precipitating  the  sulphur  by  muriatic  acid. 
In  the  best  case,  however,  only  50  to  60  per  cent,  of  the  sulphur 
are  thus  recovered ;  the  other  40  to  50  per  cent.,  together  with 
lime,  form  a  new  waste,  containing  undecomposed  calcium  siQ- 
phide  along  with  sulphite  and  sulphate.  This  new  waste  is  not 
a  nuisance  similar  to  fresh  tank-waste ;  but,  owing  to  its  great  bulk 
and  its  very  slight  utility,  it  is  a  great  burden  upon  alkali- works. 
This  will  be  done  away  with  by  the  invention  of  Schaffner  and 
Helbig,  which  recovers  by  far  the  greatest  portion  of  the  sulphur 
and  also  the  lime. 

It  is  chiefly  based  on  (a)  the  applicability  of  magnesium  chlo- 
ride, hitherto  not  employed  in  the  arts,  to  decomposing  calcitlm 
BiQphide — thus, 

L  CaS+MgCl2+H80=CaCl2+MgO  +  H8S 

(calcium  carbonate  not  being  acted  upon  by  MgCl^) ;  [b)  the  recovery 
of  the  magnesium  chloride  by  exposing  the  residue  from  the  first 
operation  (consisting  of  magnesia,  calcium  chloride,  and  the  impu- 
rities of  sodar-waste),  after  driving  off  the  H^S,  to  the  action  of 
VOL.  n.  2  Y 
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carbonic  acid^  by  which  calcium  carbonate  and  magnesium  chloride 
are  formed — thus^ 

II.  MgO  +  CaCl^ + CO, = Mga^ + CaCOg. 

A  portion  of  the  magnesium  chloride  can  be  replaced  by  the 
simultaneous  action  of  muriatic  acid^  by  which  the  separated  mag- 
nesia is  always  dissolved  again^  and  again  becomes  active.  This 
reaction  might  be  applied  where  an  excess  of  muriatic  acid  is  ob- 
tained^ and  at  the  same  time  yields  calcium  chloride  in  case  the 
latter  is  not  got  otherwise  as  a  by-product.  In  this  case  the 
mud,  after  being  treated  with  boiling  water,  is  allowed  to  settle,  and 
a  corresponding  portion  of  the  clear  CaCl^  liquor  is  drawn  off.  Of 
course  the  action  of  COj  can  only  recover  as  much  CaCOa  as  cor- 
responds to  the  MgCl)  employed. 

(c)  The  sulphuretted  hydrogen  escaping  in  the  first  operation  is 
transformed  into  sulphur  by  means  of  sulphurous  acid  : 

III.  ZHjS-f  S03  =  3S  +  2H20. 

Ordinarily  this  reaction  does  not  take  place  as  smoothly  as  the 
formula  would  indicate,  but,  as  we  have  seen  before,  large  quanti- 
ties of  pentathionic  (or  tetrathionic)  acid  are  formed ;  and  it  would 
fail  to  be  available  in  this  case,  as  it  has  done  in  all  previous  cases, 
unless  Schaffner  and  Helbig  had  discovered  a  plan  for  preventing 
to  a  great  extent  the  formation  of  pentathionic  acid,  or,  if  the  latter 
has  been  formed,  precipitating  the  sulphur  from  it'i'.  This  consists 
in  the  application  of  solutions  of  calcium  or  magnesium  chloride, 
also  of  other  mineral  salts  and  acids  (comp.  p.  647) .  If  aqueous 
solutions  of  HgS  and  SO^  are  mixed  in  the  proportions  expressed 
by  the  above  equation,  a  milky  liquid  is  formed,  from  which  by 
addition  of  a  solution  of  calcium  or  magnesium  chloride,  a  flaky, 
readily  settling  precipitate  is  obtained,  which  corresponds  to  the 
theoretical  quantity.  An  excess  of  one  gas  or  the  other  is  found 
unchanged  in  the  liquid,  and  does  not  interfere  with  the  reaction. 
It  is  not  yet  known  what  part  the  chlorides  play  in  this  case ;  but 
so  much  is  certain,  that  an  amount  of  CaCl^  or  MgClj  equivalent 
to  the  total  sulphur  is  required. 

The  greatest  impediment  to  the  application  of  the  mutual  decom- 
position of  HjS  and  SOj,  which,  even  more  than  the  formation  of 
polythionic  acids,  had  ba£9ed  all  previous  endeavours  in  this  direo- 

*  Comp.  p.  645  as  to  the  confusion  of  pentathionic  with  tetrathionic  acid. 
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tion^  was  the  milky  state  in  which  the  sulphur  is  precipitated^  which 
prevents  its  separation  by  subsidence  or  filtration.  This  is  com- 
pletely obviated  by  the  employment  of  solutions  of  salts  (as  stated 
above),  which  is  the  most  important  feature  of  the  new  process. 

The  MgCls  obtained  in  the  second  operation  is  employed  for 
decomposing  new  quantities  of  tank- waste,  and  the  calcium  carbo- 
nate in  the  black-ash  mixture. 

The  operations  are  practically  carried  out  as  follows.  The  de- 
composition of  tank-waste  by  magnesium  chloride  takes  place  in  a 
large,  air-tight,  iron  vessel  provided  with  an  agitator,  with  contri- 
vances for  charging  and  discharging  the  materials,  gas-delivery 
pipes,  &c.  Here  the  mixture  is  exposed  to  heat.  Either 
the  tank-waste  is  gradually  introduced  into  a  charge  of  MgCl2, 
or,  inversely,  the  MgClj  solution  is  run  upon  the  waste,  or 
both  are  simultaneously  introduced  in  equivalent  proportions. 
The  apparatus  must  be  so  arranged  that  the  operation  can  be 
arrested  at  a  moment^s  notice;  nor  should  any  H^S  be  able  to 
escape  into  the  air :  this  is  prevented  by  producing  a  draught 
from  without  by  means  of  a  chimney,  fan-blast,  or  pump^  and  by 
always  keeping  an  excess  of  SO3  in  the  decomposers  over  and 
above  that  corresponding  to  the  arriving  H^S,  so  that  the  latter 
can  never  be  in  excess.  According  to  Stingl  and  Morawski  this 
process  is  to  be  explained  thus  :  first  magnesium  chloride  and 
calcium  sulphide  decompose  into  calcium  chloride  and  magnesium 
sulphide ;  the  latter  at  once  reacts  upon  the  water  present,  mag- 
nesium hydrate  and  sulphuretted  hydrogen  being  formed. 

Thecindersand  other  impurities  of  the  tank- waste  must  beremoved . 
from  the  residue  remaining  after  the  just-described  treatment. 
They  cannot  be  left  in  the  recovered  lime,  because,  accumulating, 
they  would  make  it  unfit  for  black-ash  mixing.  These  impurities 
are  completely  removed  in  a  very  simple  manner,  either  by  leviga- 
tion  or  by  passing  the  residue  through  a  fine  sieve.  The  cinders, 
coal,  excess  limestone,  &c.  contained  in  the  tank- waste  are  heavier 
and  coarser  than  the  magnesia  separated  in  the  first  operation; 
they  amount  to  25  or  30  per  cent,  of  the  whole  dry  weight  of  the 
tank-waste.  The  residue,  thus  purified,  is  now  treated  with  more 
or  less  impure  carbonic  acid  in  order  to  recover  the  magnesium 
chloride  and  calcium  carbonate,  as  previously  mentioned.  The 
way  in  which  this  is  done  will  be  apparent  from  the  subsequent 
description  of  the  apparatus. 

2y2 
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The  sulphuretted  hydrogen  from  the  first  operation  is  now 
brought  into  contact  with  sulphurous  acid  and  a  solution  of  calcium 
or  magnesium  chloride^  which  can  be  done  either  in  tubs  or  towers. 
In  the  latter  case  the  H^S  should  be  introduced  at  the  bottom  of 
the  tower,  the  SO,  a  little  higher  up.  The  precipitated  sulphur 
settles  down  with  striking  rapidity,  owing  to  the  action  of  the 
chlorides ;  it  is  separated  from  the  liquid  by  decantation  or  filtra- 
tion, and  the  same  solution  used  over  and  over  again  for  running 
down  in  the  tower.  The  gas-pipes  must  be  easily  accessible  from 
without,  for  rapid  cleaning.  The  requisite  SOj  is  made  by  burning 
pyrites,  sulphur,  or  sulphuretted  hydrogen,  or  taken  from  any 
metallurgical  process ;  it  is  either  conveyed  directly  into  the  de- 
composer, or  first  condensed  in  an  ordinary  acid-condenser  to  a 
solution  of  SOj  in  water,  or  in  a  solution  of  CaClj  or  MgCl,. 

This  process  is  applicable  not  merely  to  tank- waste,  but  also  to 
calcium  or  barium  sulphate  after  their  previous  reduction  to  CaS 
or  BaS ;  it  also  permits  the  utilization  of  the  SO3  evolved  in  many 
metallurgical  operations.  Its  advantages  are : — ^it  is  easy  and  sa£e 
in  its  execution ;  the  working-up  of  the  tank-waste  costs  much  less 
time  and  wages  than  hitherto ;  at  least  90  to  95  per  cent,  of  the 
sulphur  contained  in  the  waste  are  recovered,  as  against  50  to  60 
per  cent. ;  80  per  cent,  of  the  total  lime  are  recovered  as  calcium 
carbonate  adapted  for  black-ash  mixing.  The  CaCls  and  MgCl,  are 
all  recovered  except  the  unavoidable  mechanical  losses,  which  can 
be  made  very  small ;  in  any  case  they  are  as  nothing  compared 
with  the  saving  in  wages  and  in  the  muriatic  acid  required  in  the 
processes  hitherto  employed.  If  the  requisite  SO^  is  made  from 
pyrites,  the  production  of  sulphur  can  be  increased  by  50  per  cent, 
over  and  above  that  recoverable  from  the  waste.  The  ultimate 
residue  only  amounts  to  about  20  per  cent,  of  the  fresh  waste,  thus 
saving  a  great  deal  in  carriage  and  depositing-ground. 

Figs.  263  to  266  show  the  plant  for  working  up  the  tank-waste 
by  Schafiher  and  Helbig^s  patent,  for  a  factory  turning  out  10  tons 
of  soda  ash  per  24  hours. 

1.  Vessels  Sfc.  —A  is  the  waste-hopper  with  carrying-screw  ;  B, 
the  mixing- vessel,  with  agitator ;  C,  the  decomposer  for  H^S  and 
SO3 ;  D,  the  sulphur-settler,  with  agitator ;  E,  engine  for  driving 
the  agitator ;  P,  sulphur-filter ;  G,  catch-well  for  the  filtrate  from 
F ;  H.  pump  for  raising  this  liquid  to  the  collecting-tank  I,  above 
the  decomposers ;  K,  sulphur-melting  apparatus,  with  agitator ; 
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li,  engine  for  driving  the  agitator ;  M,  cinder-settler,  with  agi- 
tator ;  N,  engine  for  driving  the  agitators  in  B  and  M  and  the 
Archimedean  screw  in  A ;  O,  collecting-tanks  for  MgO  and  CaCl), 
with  agitators  (not  shown  in  the  drawing) ;  P,  pump  for  raising 
the  MgO  and  and  CaClj  liquor  to  Q,  the  carbonators ;  R,  lime- 
mud  settlers ;  S,  lime-mud  filters ;  T,  wells  for  the  MgCl,  liquor 
filtering  from  R  and  S ;  U,  wells  for  weak  MgCl^  washings ;  V, 
pump  for  conveying  the  strong  MgClj  liquor  back  into  the  store- 
tanks  W. 

2.  Connexions  ^c. — a,  tramway  for  conveying  the  tank-waste; 
Gi,  charging-screws  at  the  waste-hoppers ;  b,  pipe  for  taking  away 
the  H2S ;  bi  and  62  pipes  for  admitting  H3S  into  the  decomposers ; 
c,  pipe  conveying  SO3 ;  Ci  and  C2,  pipes  for  admitting  SO^  into  the 
decomposers;    d,  pipe    connecting    the    decomposers    with  the 
chimney-flue ;  d^  and  d^,  branch  junctions  for  the  decomposers ; 
e,  open  shoot  for  running  the  liquid  into  the  sulphur-settlers; 
e^    connecting-shoots    between   the    sulphur-settlers ;    e^,    shaft 
for   driving  the  agitators  in  the   sulphur-settlers  ;  f,  pipe  for 
carrying  the  sulphur-mud  to  the  filters ;  fi,  overflow-pipes  from 
the  sidphur-settlers ;  f^,  pipe  for  running  off  the  filtered  liquid ; 
/a,  pipe  for  running  off  the  washings  from  the  sulphur-filters ; 
ffi^  open  shoot  for  the  liquor  running  from  the   settlers;  ff2, 
open  shoot  for  washings  from  the  same ;  hi,  suction-pipe  for  the 
sulphur-liquor  pump  :  Ag,  delivery-pipe,  leading  to  the  collecting- 
tank  upon  the  decomposers ;  ii  and  i^  distributing-pipes  to  the 
decomposers ;  k,  tramway  for  conveying  the  filtered  sulphur  to  the 
melting-apparatus;    ki   shoot  for    running  water  &c.   from  the 
sulphur-melters ;  7i  and  l^,  pulleys  and  gearing  for  the  sulphur- 
melters  ;  mi,  pipes  for  running  the  liquor  from  the  mixing-vessels 
B ;  m^,  run-off  for  liquor  from  the  lime-regeneration ;  m^,  run-off 
for  cinders ;  m^y  tramway  for  the  cinders ;   naj  shaft  for  driving 
the  charging-screws;   n^,  shaft  for  driving  the  agitators  in  the 
mixing-vessels ;  n^,  shaft  for  driving  the  agitators  in  the  cinder- 
settlers;    0,  distributing-shoot  for  liquor;   pi,    suction-pipe   of 
the  pump  for  this  liquor ;  p^,  delivery-pipe  to  the  carbonators ; 
Qj  pipe  for  COj  from  the  blowing-engines ;  gi  q^,  branch  pipes  for 
passing  CO,  into  the  carbonators ;  r©,  pipes  for  taking  the  lime- 
mud  from  the  carbonators  to  the  settlers;   rj  cocks  for  clear 
MgCl,  liquor;  rj,  open  spout  for  MgCl,  liquor;  *i,  cocks  for  run- 
ning the  lime-mud  onto  the  filters  ;  s^,  tramway  for  carrying  the 
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filtered  lime-mud  to  the  drying-rooms ;  tu  cocks  for  strong 
MgCl,  liquor  from  the  filters  j  ^,,  cocks  for  weak  MgCl^  liquor  and 
washing-water;  u,  open  spout  for  liquors;  Vi,  suction-pipes  of 
pumps  for  MgCls  liquor  to  be  used  over  again  in  the  process;  f?„ 
delivery-pipe^ for  the  same;  w,  pipe  for  admitting  MgCl^  liquor 
into  the  mixing-vessels. 

Details  of  Process. 

(a)  Decomposition  of  Tank-waste  by  Magnesium  Chloride, — ^This 
is  most  easily  understood  from  fig.  265.  The  waste  is  put  in  a 
damp  state  into  the  hopper  A,  and,  by  means  of  a  carrying-screw, 
continuously  conveyed  into  the  decomposer  B,  where  a  certain 
quantity  of  MgCl^  is  present,  and  the  waste  is  introduced  until  all 
the  MgCls  is  decomposed.  B  is  closed  air-tight;  and  an  agitator 
works  in  it,  kept  air-tight  by  a  gland.  A  steam-coil  inside  pro- 
duces the  necessary  heat.  The  H^S  escapes  through  b.  The 
MgCl2  liquor  is  contained  in  W,  and  is  run  into  B,  by  opening  the 
valve  tt,  as  required.  At  the  end  of  the  decomposition  the  mass 
is  discharged  through  mi  into  the  open  vessel  M,  provided  with  an 
agitator.  The  heavier  portions,  cinders  &c.,  settle  down  and  are 
discharged  by  a  cock,  m^,  into  a  bogie  standing  below.  The  liquor, 
consisting  of  a  solution  of  CaCl^  and  suspended  MgO,  runs  along 
through  m^  and  the  shoot  o  into  the  tank  .0. 

(b)  Recovery  of  Calcium  Carbonate. — Best  understood  from  fig. 
265,  The  above  liquor  of  CaClj  and  MgO  is  pumped  from  the 
tank  O,  by  the  pump  P,  through  the  pipe  p^  into  the  carbonator 
Q.  Through  the  pipe  q  CO^  is  forced  through  the  liquor  by  means 
of  a  blowing-engine ;  it  enters  at  the  bottom  of  the  carbonator  by 
a  number  of  small  holes  in  the  delivery-pipe,  like  the  air  in  Weldon's 
oxidizers  (see  the  Chapter  on  these  in  the  next  Book)  ;  or,  more 
cheaply,  a  tower  is  employed,  in  which  COj  ascending  meets  the 
mixture  trickling  down.  At  the  end  of  the  process  the  mass,  now 
consisting  of  CaCOs  and  MgClj,  is  run  into  R.  The  clear  MgCl^ 
liquor  runs  through  the  cock  ri  and  spout  r^  into  the  collecting- 
tank  T  (figs.  264  &  265).  The  CaCOg  is  discharged  through  s^ 
into  the  filter  S,  and,  after  washing,  put  into  the  bogies  S2  in  order 
to  be  conveyed  to  the  drying-apparatus ;  the  washings  from  it, 
still  containing  MgClj,  run  into  U  (fig.  264),  and  are  used  over 
again.  A  pump,  V,  conveys  the  MgClj  liquor  through  the  pipes 
t?j  (fig.  265)  back  into  the  tank  W.     The  recovered  calcium  car- 
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bonate  works  very  well  in  the  black-ash  mixture ;  but  it  should 
be  moistened  with  a  little  sodium-sulphate  liquor  before  drying,  to 
prevent  its  being  blown  away  too  easily.  In  this  proqess  the  loss 
of  MgClg  (5  or  6  per  cent.),  unavoidable  in  working  on  the  large 
scale,  can  be  made  up  by  mixing  some  calcined  dolomite  along  with 
the  mass,  its  MgO  being  likewise  converted  into  MgCla. 

(c)  Recovery  of  the  Sulphur, — ^The  decomposer  C,  for  H,S  and 
SOj,  consists  of  a  wooden  tower  filled  with  wooden  prisms  laid 
crossways ;  through  b^  the  HjS,  through  Cj  the  SO,  enters.  I  is 
a  tank  for  CaCl,  liquor,  to  run  down  in  the  tower.  The  precipi- 
tated sulphur,  along  with  the  CaCl,  liquor,  runs  away  through  e 
to  the  agitating-tub  D.  The  clear  liquor  runs  away  through  /i, 
and  is  carried  by  shoots  (fig.  264)  to  the  vessel  G,  from  which  it 
is  again  drawn  by  the  pump  H  and  forced  through  the  pipes  A, 
into  the  tank  I  on  the  top  of  the  decomposing-tower.  The  sulpkur- 
mud  is  discharged  by  /o  into  the  filter  P,  and  washed.  The  wash- 
ings containing  CaCl,  pass  through  shoots  also  into  the  vessel  G 
(fig.  264) ;  the  pure  washings  run  to  waste.  Any  gases  escaping 
from  the  tower  pass  through  the  pipe  d  (fig.  263)  into  the  chimney. 

From  the  filter  F  the  sulphur-mud  is  charged  into  bogies,  and 
arrives  at  the  apparatus  K,  where  it  is  melted  under  steam- 
pressure  (p.  665) .  Of  each  piece  of  apparatus  (the  tank-waste- 
decomposer  B,  the  carbonator  Q,  and  the  decomposing-tower  C) 
there  is  a  pair ;  this  is  necessary  for  the  uniformity  of  the  work. 

(rf)  Production  of  Sulphurous  Add. — ^This  Schaffner  and  Helbig 
have  found  to  be  efi^ected  most  conveniently  by  burning  a  portion 
of  the  HjS,  which  is  done  without  any  difficulty.  The  pipe  con- 
veying the  H2S  to  the  tower  is  provided  with  a  branch  which  car- 
ries a  portion  of  the  gas  into  a  burner.  In  this  the  gas  issues 
from  an  iron  pipe  with  small  holes;  a  small  coal-gas  flame  in- 
flames the  HjS,  and  rekindles  it  if,  from  any  cause,  it  should  be 
extinguished.  By  means  of  valves  the  supply  is  so  regulated  that 
the  proper  proportion  of  H3S  and  SO3  is  always  present.  The  in- 
ventors have  found  that  in  this  way  HjS  can  be  burnt  as  easily  as 
coal-gas — no  doubt  owing  to  the  purity  of  the  gas ;  the  difficulties 
formerly  experienced  in  burning  H2S  were  realiv  owing  to  its  dilu- 
tion with  indifferent  gases. 

While  this  is  going  to  press,  an  application  for  a  German  patent 
(not  yet  granted)  has  been  made  by  Dr.  Aarland,  for  an  improve- 
ment of  SchafEner  and  Helbig^s  process.     He  dispenses  with  the 
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employment  of  magnesium  chloride  and  treatment  with  carbonic 
acid,  by  employing  for  the  decomposition  of  tank-waste  a  solution 
of  calcium  chloride  at  a  high  temperature  and  under  pressure. 
The  reaction  is  : — 

CaS  +  CaCl, + H,0 = H^S  +  CaO  +  CaCl^. 

The  lime  is  obtained  by  levigating  the  residue ;  the  CaCls  can  be 
used  over  again.  Of  course  it  is  not  yet  known  how  far  this  process 
will  answer. 

Treatment  of  the  Drainage  from  old  Tank-waste  Heaps. 

On  p.  637  we  have  seen  how  this  drainage  can  be  made  inof- 
fensive; but  the  process  there  described  was  still  not  without 
expense.  Mactear^s  process,  on  the  contrary  (patented  Sept.  8, 
1871,  and  fully  described  in  a  paper  read  before  the  British  Asso- 
ciation at  Plymouth  in  1877 — ^reprinted  in  the  Inspector's  Report 
for  1877-78,  p.  24),  aims  at  a  profitable  treatment  of  such  drain- 
age. It  was  suggested  by  the  annoyance  caused  by  the  enormous 
waste-heap  near  the  St.-Bollox  works  at  Glasgow,  accumulated 
during  more  than  forty  years  and  covering  about  10  acres.  The 
rainfall  alone  would  produce  from  it  at  least  13,000  gallons  of 
drainage  per  day,  which  was  at  first  discharged  into  the  river 
Kelvin  and  then  into  the  Clyde,  doing  the  most  serious  mischief 
all  along  its  course.  This  drainage-liquor  cannot  exactly  be  dealt 
with  by  the  Mond  or  Schaffner  process,  since  for  either  of  these 
the  sulphides  and  hyposulphites  must  be  in  such  proportion  that, 
on  the  addition  of  hydrochloric  acid,  there  shall  be  no  evolution 
of  HjS,  but  only  precipitation  of  sulphur ;  but  the  drainage-liquors, 
containing  far  too  much  sulphide,  give  off  a  large  amount  of  H^S 
when  treated  with  hydrochloric  acid.  Now  Mactear's  process 
simply  consists  in  correcting  the  liquor  by  adding  to  it  sulphurous 
acid,  in  one  shape  or  another,  so  that  the  proper  composition  is 
attained,  which  Mond  and  Schaffiier  bring  about  by  regulating 
the  oxidation  of  the  fresh  tank-waste^.  At  first  the  drainage- 
liquors  at  St.  Bollox  were  employed,  instead  of  water,  for  lixivia- 
ting fresh  tank- waste  treated  by  the  Mond  process ;  but  this  was 
not  found  to  answer,  owing  to  the  large  evolution  of  HgS.  Neither 
was  Mactear's  first  modification  successful,  viz.  mixing  the  yellow 

*  Schaffiier  had;  as  far  back  as  1866,  suggested  the  identical  process  afterwards 
brought  out  bj  Mr.  Mactear. 
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liquor  with  a  little  lime  and  treating  it  with  SO2  before  decom- 
posing it  by  HCl ;  regulation  was  found  too  difficult. 

The  modification  actually  worked  for  some  years  past  consists  in 
using  a  solution  of  SO9  in  water.  This  is  obtained  either  from 
pyrites  or  from  the  refuse  sulphur  from  the  process.  The  gas  is 
passed  through  condensing-towers  made  of  common  flooring-boards 
well  jointed  and  bound  with  iron  corner-pieces  and  tie-rods^  which 
have  kept  quite  good  after  five  years^  use.  The  towers  are  filled 
with  coke  in  three  stages^  cross  joists  dividing  the  tower  into  three 
parts.  A  tray  with  a  large  number  of  small  lead  tubes  covered 
over  with  hydraulic  lutes  divides  the  water  into  fine  streams.  The 
sulphurous  acid  gas  is  led  up  one  tower,  down  to  the  bottom  of  the 
same^  and  up  another  tower.  The  solution  of  SO^  resulting  is  only 
of  2°  Tw.,  which  great  dilution  is  certainly  objectionable.  It  is 
run  in  a  wooden  shoot  to  the  decomposing- vessel^  and  mixed  on  its 
way  with  sulphur-liquor  of  about  11°  Tw. ;  in  the  decomposing- 
vessel  they  are  met  by  a  stream  of  hydrochloric  acid ;  and  the  whole 
is  kept  carefully  as  near  63°  C.  as  possible.  With  moderate  care, 
but  little  HjS  is  liberated ;  and  the  decomposition  is  regulated  by 
a  simple  test.  In  order  to  learn  the  amount  of  HCl  present,  a 
burette  is  filled  with  yellow  liquor ;  and  this  is  run  into  a  sample 
from  the  decomposing- vessel,  to  which  a  drop  of  a  solution  of  iron 
has  been  added,  till  the  mixture  is  blackened.  The  precipitated 
sulphur  is  treated  as  usual.  The  plant  required  consists  of  pumps 
and  cisterns  for  yellow  Uquor,  kilns  for  burning  pyrites  or  sulphur, 
condensing-tower  and  water-supply,  steam-boiler,  wooden  decom- 
posers with  stirring-gear,  drainers  for  the  sulphur,  and  steam  melt- 
ing-arrangements. The  plant  now  at  work  at  St.  Bollox,  and  pro- 
ducing 30  to  35  tons  weekly,  cost  £2019. 

Mactear  calculates  the  net  cost  of  one  ton  of  sulphur  by  his 
process  at  61*.,  charging  nothing  for  hydrochloric  acid ;  but  his 
calculation  is  an  indirect  one,  and  seems  principally  intended  to 
prove  that  there  is  a  larger  profit  made  by  his  patent  process  than 
by  employing  the  hydrochloric  acid  for  making  bleaching-powder. 
It  does  not,  however,  seem  to  have  made  much  way  beyond  the 
St.-Bollox  works,  where  alone  30  tons  of  sulphur  are  weekly  pro- 
duced by  it. 

A  third  modification  (patented  on  Feb.  15,  1878,  No.  885)  is 
intended  for  use  when  very  weak  liquors  (say  from  5°  to  8°  Tw.) 
are  to  be  treated.     In  this  case  a  stronger  solution  of  sulphurous 
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add  is  made  by  the  production  of  calcium  bisulphite^  or  at  least  of 
a  solution  of  calcium  sulphite  in  sulphurous  acid,  which  is  used 
just  as  the  weak  SO9  solution  in  the  second  modification.  The 
calcium  sulphite  is  extracted  from  old  oxidized  waste  by  grinding 
it  in  water  to  a  milk  and  treating  this  with  SOg.  More  hydro- 
chloric acid  is^  of  course^  required  by  this  method ;  but  less  fuel  is 
consumed^  and  the  sulphur  of  the  sulphite  is  gained. 

A  very  ingenious  process  for  treating  the  sulphurous  drainage 
from  old  waste-heaps  has  been  worked  out  (on  the  small  scale)  by 
Dr.  R.  A.  Smith  (Inspector's  Report,  1877-78,  pp.  9  &  29  seg,). 
It  was  suggested  to  him  by  the  Dieuze  process  of  treating  tank- 
waste,  and  by  the  plan  which  the  author  had  introduced  at  South 
Shields  for  dealing  with  the  drainage  from  an  old  waste-heap, 
mentioned  on  p.  637,  viz.  mixing  the  yellow  liquor  with  the  settling 
mud  of  the  Weldon  manganese-recovery  (that  is,  a  mixture  of 
calcium  carbonate,  gypsum,  ferric  oxide,  manganese  peroxide,  &c.), 
which  rendered  the  liquors  quite  colourless  and  inoffensive.  The 
spent  mixture,  when  thrown  out  and  exposed  to  the  air  in  shallow 
layers,  became  quickly  oxidized,  and  could  be  employed  over  again 
for  the  same  purpose.  Dr.  Smith  took  this  matter  up,  and  suc- 
ceeded, after  many  experiments,  in  making  it  a  continuous  process. 
The  solution  to  be  freed  from  sulphur  was  put  into  a  tall  glass 
vessel;  a  little  MnOg  was  added  (1^  gramme  to  a  litre),  and  air 
blown  in.  A  siphon  was  employed  for  continually  drawing  off 
desulphurized  liquor  &om  the  bottom  of  the  vessel,  its  inner  limb 
being  protected  by  a  calico-covered  funnel  against  carrying  away 
any  precipitate ;  and  a  small  stream  of  sulphur-liquor  was  run  in 
continually  at  the  top,  so  that  the  bulk  of  the  liquid  always  remained 
the  same.  The  sulphur-liquor  entering  the  vessel  was  at  once  acted 
upon  by  the  MnO^,  with  formation  of  hyposulphite  and  free  sulphur ; 
the  MnS  formed  was  continually  reoxidized  by  the  air  blown  in. 
Complete  desulphurization  could  only  be  attained  if  there  was  no 
more  than  ^  per  cent,  of  sulphur  as  sulphide  in  the  liquor ;  this 
would  necessitate  larger  vessels  and  more  pumping,  but  is  no  great 
evil,  as  the  liquor  from  the  heaps  could  be  run  in  in  a  proportionately 
small  stream.  The  precipitate  formed  contains  sulphur,  calcium 
carbonate  and  hyposulphite,  and  manganese  oxides;  it  must  be 
removed  from  time  to  time  and  treated  according  to  its  nature. 

Dr.  Smith  seems  to  think  that  this  process  may  be  employed  on 
a  large  scale,  not  merely  for  waste-heap  liquors,  but  also  for  making 
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barium  hydrate.  On  p.  34  seq.  he  describes  a  number  of  experiments 
for  extracting  the  sulphur  from  solid  waste^  the  most  interesting  of 
which  refer  to  Kraushaar's  process  (comp.  p.  659). 

As  far  as  practical  results  are  concerned,  Dr.  Smith  extracted 
on  the  small  scale  as  much  as  72  per  cent,  of  the  sulphur  in  his 
precipitate;  but  some  experiments  made  for  him  on  a  larger  scale 
by  Mr.  Mactear  had  a  less  favourable  result.  For  100  parts  of 
sulphur  in  the  liquor  there  were  obtained  : — 

In  solution  (as  hyposulphite)  65*55 

In  precipitate    33*18 

Lost 1*17 

The  precipitate  contained  still  more  sulphide  and  only  27*3  parts 
of  sulphur  in  an  available  state.  The  amount  of  air  employed  was 
enormous  compared  with  the  work  done ;  but  Dr.  Smith  attributes 
the  formation  of  so  much  hyposulphite  first  to  this  large  excess  of 
air,  which  consequently  caused  a  loss  of  available  sulphur.  No 
doubt  his  idea  will  yet  be  further  worked  out. 
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CHAPTER  XV. 

HYPOSULPHITE  OF  SODA. 

The  above  is  the  name  imiversally  used  in  commerce  and  in  manu- 
facturing-practice for  a  salt  the  empirical  formula  of  which  is 
Na^S^Og.     Since  the  rational  formula  of  the  corresponding  acid 

is  now  generijly  stated  as  SOj^^tt    (^*  ^*  sulphuric  acid  in  which 

one  of  the  groups  OH  is  replaced  by  SH)^  the  modem  nomenda- 
ture  employed  in  some  chemical  treatises  calls  this  acid  thiosul^ 
phuric  acid,  and  hence  our  salt  sodium  thiosulphate,  reserving  the 
name  ''  hyposulphurous  acid  ^'  for  the  acid  H^SOs^  discovered  by 
Schiitzenberger  and  by  him  called  '^  hydrosulphurous  acid/'  But 
as  any  confusion  with  this  latter  acid  is  entirely  out  of  the  question 
here^  we  shall  continue  to  employ  the  older  name  of  sodium  hypo- 
sulphite for  the  compound  Na^S^Og^  as  is  still  done  by  most  of  those 
concerned  with  it. 

We  subjoin  the  description  of  this  salt  to  the  Chapter  treating 
of  alkali-waste^  because  the  latter  is  now  practically  the  exclusive 
source  for  it^  and  the  first  attempts  to  utilize  that  waste^  at  least 
on  the  Continent,  were  connected  with  the  hyposulphite  (p.  650). 
It  was  discovered  by  Vauquelin  in  1802,  in  alkali-waste  (Wurtz, 
Dictionn.  de  Chimie,  ii.  p.  1535). 

Crystallized  sodium  hyposulphite  (Gmelin-Krant's  Chemie,  ii. 
p.  177)  has  the  formula  Na^S^Os  +  SHsO,  and  contains 

NajO 621  2502 

SjO, 961  38-71 

5H,0    90  36-27 

248-2  10000 
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It  forms  large^  colourless^  limpid  columns  of  the  monoclinic 
system  (fig.  267).  Spec,  gravity  1-672  (Buignet)  or  1784  (Schiff) ; 
at  10°  C,  after  melting  and  resolidifying,  ^    ^,. 

1*736  (H.  Kopp) .  It  is  devoid  of  smell,  and 
has  a  cooling,  afterwards  bitter,  somewhat 
alkaline  and  sulphurous  taste.  It  has  no 
alkaline  reaction,  and  is  stable  in  the  air  at 
the  ordinary  temperature,  but  effervesces  at 
83°.  The  crystals  melt  at  45°  to  50°  in  their 
water  of  crystallization ;  the  melted  mass  re- 
mains fluid  for  a  long  time  after  cooling. 
The  water  is  almost  entirely  removed  at  the 
end  of  two  months  in  a  vacuum  beside  oil  of  vitriol ;  the  remainder 
is  expelled  at  100°  C.  On  heating,  the  salt  becomes  anhydrous  at 
215°  C. ;  quickly  heated,  it  is  decomposed  at  233°  with  separation 
of  sulphur ;  the  salt  containing  water  suffers  this  decomposition 
even  when  slowly  heated  to  100°  C.  Heated  beyond  the  above 
point  the  salt  loses  a  little  sulphur,  and  is  ultimately  transformed 
into  a  mixture  of  sodium  pentasulphide  and  sulphate,  almost  black 
when  hot,  and  reddish  brown  when  cold. 

On  mixing  110  parts  of  the  salt  with  100  water  the  tempe- 
rature sinks  18°*7  C.  100  parts  of  water  dissolve,  according  to 
Mulder,  at 

16«»,        20O,        26^        30<>,        36°,        40°,  46°  47°, 

65        69        75        82        89        98        109        114 
parts  anhydrous  Na^S^Og ;  according  to  Eremers,  at 

O**,  20°,  40°,  60°, 

47-6  69-5  104-2  192-3 

parts  anhydrous  NagSjOg;  according  to  Schiff,  at  19°-5,  171  parts 
of  crystallized  or  108*9  of  dry  salt,  forming  a  liquid  of  specific 
gravity  1*3875. 

By  supersaturation  (to  which  this  salt  is  preeminently  prone) 
a  solution  of  217*4  parts  of  NagS^Oa  in  100  water  at  0°  can 
be  obtained,  which,  under  favourable  conditions,  remains  liquid 
down  to  —10^  C.  The  aqueous  solution  contains,  according  to 
Schiff:— 
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Spec.  gray. 

NaAO, 
+5HaO. 

NajJSaO,. 

Spec.  grav. 

atm 

NaaSaO, 
+5HaO. 

Na^SjO,. 

1-0062 

1 

1 

0-637 

11676 

30 

19-113 

1-0211 

5 

3185 

1-1986 

35 

22-298 

10629 

10 

6-371 

1-2297 

40 

«  25-484 

1-0807 

15 

9-556 

1-2624 

45 

28-669 

11087 

20 

12-742 

.     1-2954 

1 

60 

31-855 

11381 

25 

15-927 

1 

Opinions  differ  as  to  the  stability  of  the  aqueous  solution^  which 
is  of  special  importance  in  volumetric  analysis.  According  to 
Capaun^  in  closed  vessels  the  solution  deposits  sulphur  till 
only  sulphite  remains  ;  with  excess  of  air  sulphate  is  formed. 
Others  assert  that  the  aqueous  solution  keeps  without  decom- 
position at  the  ordinary  temperature^  but  is  slowly  decomposed  on 
boiling. 

Examination  of  Commercial  Hyposulphite  of  Soda. — For  photo- 
graphic purposes  it  should  be  chemically  pure^  and  especially  abso- 
lutely free  from  sulphide^  which  is  detected  by  the  well-known 
reactions  with  lead  acetate  or  sodium  nitroprusside.  Sulphuric  acid 
is  detected  by  barium  chloride  in  dilute  solutions  (in  concentrated 
solutions  BaSgOs  would  be  precipitated) ;  lime  by  ammonium  oxa- 
late. Sulphurous  acid  is  detected  by  removing  any  sulphide  by 
means  of  a  zinc  solution,  filtering  from  any  ZnS  formed,  acidu- 
lating with  acetic  acid,  and  adding  sodium  nitroprusside,  which 
yields  a  red  colour  with  SOj.  Coarser  adulterations  are  most  easily 
estimated  quantitatively  by  treating  the  salt  with  decinormal  iodine 
solution  and  starch  up  to  blue. 

In  spirit  of  wine  the  salt  is  insoluble ;  hence  its  aqueous  solution 
is  precipitated  by  alcohol.  Dilute  hydrochloric  or  sulphuric  acid 
does  not  change  it  instantly ;  but  soon  the  liberated  hyposulphurous 
acid  is  decomposed  into  sulphur  (appearing  as  a  milky  precipitate) 
and  SO3.  The  decomposition  of  the  salt  with  free  iodine  is  notice- 
able, sodium  tetrathionate  and  iodide  being  formed  : 


2Na,S,08 + 21 = NasS40e + 2NaL 
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Of  this  reaction  extensive  use  is  made  in  volumetric  analysis ;  and 
in  gravimetric  analysis  the  salt  is  employed^  as  at  a  boiling-heat  it 
behaves  in  many  respects  like  sulphuretted  hydrogen  towards  me- 
tallic salts.  Of  great  importance  for  photography  is  the  circum- 
stance that  a  solution  of  sodium  hyposulphite  readily  dissolves 
silver  chloride^  and  but  little  less  readily  silver  bromide  and  iodide. 

Sodium  hyposulphite  is  employed  to  a  considerable  extent  in 
papermaking  and  bleaching  as  "  antichlorine/^  i.  e.  for  neutralizing 
the  effects  of  the  chloride  of  lime,  or  free  chlorine,  left  in  the  fibre 
from  the  bleaching  process.  According  to  Fordos  and  Gelis  (B^p. 
Chim.  Appl.  1859,  vol.  i.  p.  384)  1  kHog.  of  hyposulphite  would 
neutralize  1144  grams  of  chlorine,  all  its  sulphur  being  oxidized  to 
sulphate — 

Na^SA +8C1 + 5H3O =Na2S04 + SO4H3  +  8HC1 ; 

but  the  author  has  shown  (Berichte  der  deutsch.  chem.  Ges.  xii. 
p.  404)  that  this  is  not  the  case ;  the  action  of  hyposulphite  upon 
chlorine  is  any  thing  but  as  simple  as  indicated  by  the  above  equa- 
tion. Since  ajiberation  of  sulphuretted  hydrogen  is  always  per- 
ceptible, the  following  subsidiary  reactions  may  take  place  : — 

2Na2S203=Na2S306 +Na2S ; 
2HjS406  +  4HC10-h4H20=5S04H3+4HCl+HsS  +  2S. 

The  latter  reaction  has  been  proved  to  occur  by  Winkler  (Dingl. 
Journ.  cxcviii.  p.  151). 

G^lis  (Moniteur  Scientifique,  1879,  p.  1023)  maintains,  against 
the  author,  the  completeness  of  the  reaction  as  formulated  by 
himself  and  Fordos,  provided  that  the  exact  conditions  are  adhered 
to  which  they  have  laid  down  for  the  analysis  of  hypochlorites. 
In  any  case  these  conditions  could  not  be  observed  in  the  industrial 
application  of  hyposulphite ;  but  even  under  these  conditions  the 
author  has  failed  to  get  any  thing  like  constant  results.  In  very 
dilute  solutions  more  chlorine  is  destroyed  by  hyposulphite  than  in 
more  concentrated  ones ;  in  the  latter  case  sometimes  only  one 
tenth  of  the  action  is  exercised  which  the  equation  of  Fordos  and 
Gelis  demands.     The  author  replied  ib,  p.  1219. 

For  preparing  this  salt  a  large  number  of  processes  have  been 
indicated,  which  must  be  mentioned  very  briefly,  since  practically 
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all  hyposulphite  is  nowadays  made  from  tank-waste^  and  with 
this  the  other  processes  would  not  compete^  even  if  the  consump- 
tion of  the  salt  increased  to  many  times  its  present  amount:  hence 
they  have  only  a  scientific  or  historical  interest. 

A.  Prom  Sodium  Sulphide  and  Sulphurous  Acids 
(2Na^S + 3S0j  =  2NasS,08  +  S) . 

1.  Liebig  (afterwards  Capaun)  saturates  caustic  soda  liquor  with 
sulphur  by  boilings  and  passes  SO3  into  the  solution  of  Na^S^  till  the 
liquor  has  become  colourless^  and  no  Na^S^  but  only  SO^^  can  be 
found  in  it.  (The  former  must  be  absolutely  absent  for  photo- 
graphic purposes.)  The  sulphur  is  filtered  off^  the  solution  boiled 
down^  and  crystallized. 

2.  Anthon  ignites  4  parts  sodium  sulphate  with  1  to  1^  part  of 
coalj  but  not  up  to  meltings  and  exposes  the  moistened  mass  to  a 
current  of  SO3  as  long  as  any  HsS  escapes ;  he  then  lixiviates  with 
water  and  allows  the  solution  to  crystallize  (Pharm.  Centralbl. 
1846,  p.  418). 

3.  Stromeyer  lixiviates  the  Na^S,  obtained  as  in  No.  2,  with 
water,  and  passes  SO^  through  the  solution  (Dingl.  Journ.  clix. 
p.  428). 

4.  E.  Kopp  boils  tank-waste  with  10  to  15  per  cent,  of  sulphur 
and  10  to  15  parts  of  water,  passes  SO^  into  the  mixture,  which 
is  constantly  turned  up  by  paddle-wheels,  and  decomposes  the 
calcium  hypsosulphite  formed  by  sodium  sulphate  solution  (Bull. 
Soc.  Ind.  Mulh.  1858,  p.  143). 

5.  In  SchafiPner's  two-boiler  apparatus  for  decomposing  sulphur- 
liquors  from  tank-waste  the  SO3  converts  the  calcium  and  sodium 
polysulphide  and  sulphhydrate  into  hyposulphite,  which  can  be 
worked  either  for  sulphur,  as  described  previously,  or  for  sodium 
hyposulphite  by  adding  sodium  sulphate. 

6.  Moody,  on  Feb.  2nd,  1877,  patented  exactly  the  same  pro- 
cess as  Nos.  1  to  3 :  he  runs  the  solution  of  sodium  sulphide  down 
a  tower  in  which  SO^  ascends. 

B.  By  combining  Sulphur  with  Sodium  {or  Calcium)  Sulphite, 

1.  Liebig  passes  SO^  into  a  solution  of  sodium  carbonate  till 
it  is  saturated,  neutralizes  with  sodium  carbonate,  adds  a  solution 
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of  caustic  soda  saturated  with  sulphur^  filters^  and  evaporates  to 
crystallization. 

2.  Lcnz  (Ann.  Pharm.'xl.  p.  97)  describes  the  same  process 
without  any  essential  variation. 

3.  Walchner  (Ann.  Pharm.  xlvi.  p.  235)  heats  a  mixture  of  32 
dry  NajCOj  with  10  S,  "stirring  it  till  the  mass  has  ignited,  by 
which  process  sodium  sulphite  is  formed,  and  boils  with  sulphur. 

4.  The  process  employed  in  Lancashire  in  1862,  and  described 
by  Fleck  (Wagner's  Jahresb.  1862,  p.  205),  comes  to  the  same 
thing ;  but  the  product  of  ignition  is  treated  with  a  boiling  solu- 
tion of  sulphur  in  caustic  soda. 

5.  Schaffiier  (communications  to  the  author)  sometimes  works 
up  tank-waste  desulphurized  by  his  process  (containing  much  cal- 
cium sulphite)  by  boiling  with  sulphur,  lixivi&ting  the  calcium 
hyposulphite  formed,  and  decomposing  it  with  sodium  sulphate. 

Probably  W.  S.  Losh  first  made  sodium  hyposulphite  direct 
from  tank-waste  (i.  e.  without  treatment  with  S  or  SOs).  His 
patent  of  July  6,  1852,  prescribes  allowing  the  waste  to  lie  in  the 
air  for  a  week  (in  which  case  eiBorescences  of  salts  appear),  then 
lixiviating  in  iron  vessels,  settling,  drawing  off  the  clear  liquor  into 
another  vessel,  and  adding  a  solution  of  sodium  hydrate  (?)  or 
carbonate  till  the  sodium  salt  is  formed.'  This  is  obtained  by 
evaporating  the  solution  and  crystallization.  The  process  of  Losh 
was  carried  out  by  the  Walker  alkali-works  until  their  stoppage  in 
1875,  and  supplied  the  greater  portion  of  the  sodium  hyposulphite 
consumed  in  England. 

Townsend  and  Walker  (patent,  Dec.  11,  1860)  went  a  step 
beyond  Losh,  by  running  the  solution  from  oxidized  waste  through 
a  coke-tower  in  which  an  ascending  stream  of  air,  along  with  a 
little  steam,  assisted  the  oxidation  of  the  polysulphides  to  hypo- 
sulphites. [This  process,  perfectly  right  in  principle,  could  be 
carried  out  much  more  simply  without  a  coke-tower  by  blowing 
in  air  by  means  of  a  Koerting^s  blower  &c.  Only  it  should  be  tried 
whether  there  is  not  a  considerable  quantity  of  CaSOg  and  CaS04 
formed  in  this  way.     Usually  this  is  assumed  not  to  be  the  case.] 

The  completely  oxidized  solution  has  an  acid  reaction;  it  is 
neutralized  by  milk  of  lime,  evaporated  to  spec.  grav.  1*25,  and 
settled ;  it  then  chiefly  contains  calcium  (and  sodium)  sulphite  and 
hyposulphite.     In  the  place  of  sodium  carbonate,  Townsend  and 
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Walker  employ  the  cheaper  sodium  sulphate  for  decomposing  the 
calcium  hyposulphite.  The  sulphate  is  dissolved  to  spec.  gray. 
1*18^  and  added  until  no  more  precipitate  is  formed. 

The  precipitate  is  washed  a  little.  It  contains  chiefly  gypsum^ 
mixed  with  2  to  5  per  cent,  of  alkaline  and  earthy  sulphites  and 
hyposulphites;  dried  at  100^  C.  it  furnishes  a  valuable  material 
for  paper-making,  the  calcium  sulphate  serving  as  a  make- weighty 
and  the  sulphite  and  hyposulphite  as  '^  antichlorine.^^  The  solution 
drawn  oflF  from  the  precipitate  is  concentrated  to  spec.  grav.  1*40 ; 
on  cooling,  sodium  hyposulphite,  with  a  little  sulphite,  crystallizes 
out.  If  concentrated  to  spec.  grav.  1  "65,  the  whole  solidifies  on 
cooling  to  a  concrete  mass.  If  in  the  place  of  sodium  sulphate  the 
sulphates  of  aluminium,  potassium,  or  ammonium  are  employed 
for  decomposing  the  calcium  hyposulphite,  the  hyposulphites  of 
those  metals  are  obtained.  Also  calcium  hyposulphite  or  sulphite 
can  be  boiled  down  to  dryness  [in  this  case  the  CaS^Os  is  decom- 
posed !]  and  employed  as  antichlorine.  From  the  residue  left 
after  lixiviating  the  oxidized  tank-waste,  which  contains  much  cal- 
cium sulphite,  by  boiling  with  caustic  soda  or  potash  the  sulphites 
of  these  bases  are  obtained. 

That  the  yield  of  hyposulphite  can  be  largely  increased  by  a 
suitable  treatment  of  the  sulphur  liquor,  was  already  set  forth  in 
Tullion^s  patent  (Feb.  9, 1861),  and  still  more  explicitly  in  Noble^s 
patent  (July  6,  1861).  To  this  Chapter  belongs  also  partly  the 
above-mentioned  process  of  Kopp,  but  more  especially  the  decom- 
position in  Schaflher's  two-boiler  apparatus.  The  latter,  of  course, 
is  not  adapted  for  a  continuous  manufacture  of  hyposulphites,  for 
which  there  must  be  an  independent  source  of  SOj.  Schafiher, 
indeed,  lays  down  as  a  separate  process  the  treatment  of  the  yellow 
sulphur  liquors  by  pyrites-burner  gas  (just  as  Kopp  does  for  his 
liquors),  continued  till  all  the  polysulphide  and  sulphhydrate  have 
been  transformed  into  hyposulphite,  then  adds  sodium  sulphate, 
and  as  to  the  rest  proceeds  like  Townsend  and  Walker  (Dingl. 
Joum.  cxciii.  p.  42).  His  other  process  (boiling  desulphurized 
tank-waste  with  sulphur)  has  been  mentioned  on  p.  705.  Aiter 
neutralizing  the  liquor  treated  with  SO2  by  a  little  caustic  or  fresh 
sulphur-liquor,  the  requisite  quantity  of  sodium  sulphate  \&  found 
by  adding  to  a  measured  volume  of  the  liquor  an  excess  of  standard 
Na^COs  hot,  filtering  from  the  CaCOs  and  retitrating  the  excess  of 
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NagCOs  (the  quantity  of  the  latter  used  up  being  calculated  into 
NasS04).  The  liquor  drawn  off  from  the  calcium  sulphate  is 
evaporated  to  86°  Twadd.,  and  allowed  to  crystallize.  The  pro- 
duct is  pure  enough  for  paper-makers  and  bleach-works^  but  for 
photographic  uses  is  recrystalhzed  in  earthenware  dishes.  The 
Aussig  works  yearly  makQ  200  tons  of  this  salt. 

It  has  also  been  proposed  to  make  hyposulphite  from  the  spent 
lime  of  gas-works  just  as  from  tank-waste^  and  from  their  spent 
oxide  of  iron  by  boiling  with  sodium  sulphite. 

Several  proposals  have  been  made  for  employing  the  cheaper 
calcium  hyposulphite  instead  of  the  sodium  salt.  Unfortunately 
this  can  only  be  done  in  the  rare  cases  where  the  salt  is  employed 
at  the  alkali-works  themselves ;  for  the  calcium  salt  is  not  easily 
brought  into  a  proper  shape  for  transit^  its  solution  being  decom- 
posed into  calcium  sulphite  and  sulphide^  and  the  more  quickly 
the  more  concentrated  it  is  (E.  Kopp).  Only  by  evaporating  at  a 
very  gentle  heat  can  this  be  avoided  and  crystals  of  the  formula 
CaSsOs  +  GH^O  obtained.  Such  an  evaporation  is  more  expensive 
than  decomposing  by  sodium  sulphate.  A  patent  of  J.  C.  Steven- 
son^s  (March  18th^  1865)  proposes  avoiding  that  decomposition  by 
evaporating  in  an  iron  vacuum-pan  similar  to  those  of  sugar- 
works.  The  operation  is  to  be  carried  on  at  a  pressure  of  ^  or  1  inch 
only,  at  a  temperature  of  43°  C,  till  the  spec.  grav.  of  the  solution 
attains  1*48 ;  the  crystals  obtained  on  cooling  are  to  be  dissolved 
at  43°  to  a  liquor  of  spec.  grav.  1'45,  and  recrystallized  from 
this. 

Probably  calcium  hyposulphite  boiled  down  by  this  process 
would  still  be  dearer  than  sodium  hyposulphite,  if  the  interest  on 
capital,  repairs  of  plant,  and  the  cost  of  keeping  up  the  vacuum 
be  counted.  But  even  if  it  were  cheaper,  it  could  hardly  be 
brought  very  extensively  into  the  trade,  since  it  decomposes,  some- 
times even  in  closed  vessels,  under  unknown  circumstances,  to  a 
yellow  pasty  mixture  of  sulphur  and  calcium  sulphide ;  hence  it 
would  have  to  be  used  as  fresh  as  possible. 

Applications  of  the  hyposulphites. — Chiefly,  in  photography,  for 
fixing  the  positives ;  as  antichlorine  in  paper-making  and  bleaching ; 
for  bleaching  wool,  straw,  oils,  ivory,  bones,  hair,  &c.  (as  a  source 
of  SO2) ;  as  anti-fermenting  compound  in  sugar-making ;  as  a 
convenient  source  for  SOj  in  general ;  for  making  antimony- ver- 
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milion  and  ordinary  vermilion  in  the  wet  way ;  sometimes  as  a 
mordant  in  dyeing  and  printing  wool^  silk^  and  cotton  (as  alumi* 
nium  salt^  according  to  Kopp) ;  in  the  manufacture  of  several 
colours ;  in  metallurgy  (for  extracting  silver) ;  for  gilding-  and 
silvering-liquors ;  as  a  chemical  reagent,  &;c. 

The  quantity  of  sodium  hyposulphite  made  in  England  in  1864 
is  estimated  at  250  tons ;  in  Aussig  nearly  as  much  is  made. 
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